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5UMMARY 
The work described in this thesis is concerned 
primarily with the study of organic colour reactions of 
analytical importance. Two types of reactions have been explored; 
r-^ actions which take place a) in the solution state and b) in 
tPie solid state. Reactions investigated are such that they can 
be. utilized for detection and/or determination of various phenols, 
One of the reactions of the former type investigated is 
that betv/een some polyphenols and p-dimethylaminocinnamaldehyde 
(p-DAO) in the presence of HCIO^. This study has led to the 
standardisation of conditions for detection as well as determina-
tion of resorcinol, o-methylresorcinol, orcinol, pyrogallol and 
phloroglucinol. The method developed compares very favourably 
with other methods cited in the literature, especially so, as 
substances which have been found to interfere in these methods 
do not do so in this case and that this method is much more 
sensitive than the earlier ones. Furthermore, in case of 
o-methylresorcLnol and orcinol, this method constitutes the only 
viable method of determination. The method recommended for 
detection differs from the one for the determination in the use 
of dimethylsulphoxide (DMSO), an aprotic solvent, instead of 
methanol as solvent. Detailed study of the reactions involved 
has led to the conclusions that a) stoichiometry of the reactions 
is 1:1, b) the chromogen produced in the reaction absorbs in the 
visible region at 650 nm and c) that the probable mechanism of 
the reaction involved is as depicted ( Scheme I). 
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A new and convenient method has been developed for 
the detection of several phenols using anion exchange resins 
in various forms. This method is recommended for quick 
qualitative screening of phenols, where necessary. 
Anotlier reaction investigated is the one which takes 
place between catechol and phloroglucinol in the presence of 
a base. Conditions have been standardised with a view to stablise 
the colour and the reaction developed into a method for the 
specific determination of catechol, a dihydric phenol of extreme 
biological importance. The maxima at which the product absorbs 
has been found to be 500 nm and the stoichiometry determined 
as 1:1. The reaction has been found to proceed through an ionic 
and not radical mechanism, which has been postulated (Scheme II), 
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Scheme II 
The two solid state reactions examined are the 
reactions of soda lime with (i) catechol and (ii) o-nitrophenol. 
A specific method has been developed for the detection and 
determination of the two phenols with the anhydrous reagent. 
The results of the spot tests are comparable to the sensitivities 
obtained in solutions,"* The two have been determined semi-
quantitativ'jly in the solid state. In the case of catechol 
heatins?: following the admixture with soda lime results in the 
formation of p blue colour. Kinetics of this reaction has been 
studied in th? solid state by the capillary technique of Rastogi. 
It has been found that the reaction rate increases with time. 
The rate law followed by the catechol soda lime reaction is 
J = kt + c - (1) 
where Q is the thicKness of the coloured boundary, t is time 
and k and c are constants. 
The reflectance spectra of the blue solid formed as 
a result of the reaction between catechol and soda lime was 
examined and it was found to exhibit a maxima at 700 nm in the 
visible region. Formation of such a coloured product is best 
explained by aerial oxidation of catechol in the presence of 
base via a free radical pathway. In order to verify this 
hypothesis, the reaction was carried out under conditions 
rigorously excluding air when considerable retardation in the 
formation of the colour was observed. The reaction scheme 
postulated is given (Scheme III). 
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0-Nitrophenol gives a deep red colour with soda lime. 
However, since many phenols produce a brown colour under similar 
conditions, it was thought that, at dilute levels at which 
this reaction was conducted, there was possibility of confusion 
arising out of similarity of shades. Hence, o-nitrophenol was 
detected and determined by sandwiching a layer of glass wool 
between the reactants; production of colour in this instance 
being possible because of the high vapour pressure of o-nitrophenol. 
The rate law followed by the o-nitrophenol soda lime 
reaction with or without the glass wool layer is 
% 
k log t + c 
-(2) 
The Arrhenius plot could not be obtained as 
o-nitroDhenol melts at 44- C. 
The uv visible reflectance spectra of o-nitrophenol 
exhibits two maxima at 300 and 360 nra respectively. The spectra 
of the coloured product gives sharp intensity changes of both 
bands and a bathochromic shift of-the long wave length. These 
electronic spectral features are consistent with a weak charge 
transfer complex. The mechanism, probably, involves the 
transformation of the o-nitrophenol to the quinoid structure 
in the highly basic medium (Structures I & II). 
0 
:ic 
II 
The quinoid then complexes with the free phenol to give a 
charge transfer complex of a probable 1:1 stoichiometry. 
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G H A P T E R - I 
GiiiiliiiRAL INTRODUCTION 
Detection and determination of functional groups in 
organic compounds are two fascinating aspects of Analytical 
Chemistry. Such studies can be conducted either, in solutions 
or in the solid state, employing optical, chemical or electro-
analytical techniques. Of these the optical method is probably 
the most widely employed technique in qualitative analysis. 
In the case of analysis of organic compounds the accent is on 
instrumental methods, largely IR and UV, though colour 
reactions and spot tests also have a role to play. Instrumental 
methods are by and large selective, sensitive and specific but 
suffer from lack of simplicity and occasionally speed too. 
IR spectroscoi)y has the distinct advantage that a single 
determination can lead to the detection of practically all the 
functional groups present in a molecule, but on occasions it 
can cause confusion by missing existing groups or by appearing 
to show wiiat is not really there. In such cases chemical 
methods can confirm or supplement the information. The most 
obvious drawback of IR spectroscopy is its lack of sensitivity; 
the lower level of its effectiveness being normally about 1^. 
Relatively, non instrumental methods are simple, inexpensive, 
rapid and of greater sensitivity. 
In quantitative analysis chemical methods are of 
wider ap.lications. In organic molecules the reactions which 
specific functional groups undergo can be monitored for 
determination of the parent compound. For instance, aldehydes 
can be determined by oxime formation, bisulphite addition, 
imine formation or oxidation to acids. With the wide range of 
reagents available suitable reactions can be devised to suit 
specific cases. For example, if interference is caused by 
contaminants in a method, the method can either be modified 
or a new one developed to overcome this handicap. Chemical 
methods being absolute no calibration is required in these 
determinations. Functional groups of unspecified characteristics 
will have to be converted into forms easily identified or 
estimated employing volumetric or spectrophotometric methods. 
If the substances to be determined are present only 
in trace quantities sensitive colorimetric methods will have 
to be employed utilising a suitable reaction capable of 
providing precise results. 
The present work is concerned with studies on phenols 
and hence the subsequent pages carry a brief review of phenols, 
providing details of their classification, importance and 
analytical methods used in their detection and estimation. 
A phenol is a compound in which a hydroxyl group 
(-0H) is attached directly to an aromatic nucleus. Classirication 
is based on the basis of the number of -OH groups attached to 
the aromatic ring into mono-,di- and trihydric etc., as 
exemplified below. 
Phenol 
I 
OH 
' ^ ^ 
Catechol 
II 
Resorcinol 
III 
OH 
OH 
OLuinol 
IV 
OH 
OH 
Pyrogallol 
V 
1,2,4- Trihydroxybenzene Phlorcglucinol 
VI VII 
Phenols carrying the same number of s imi la r or 
d i s s imi l a r subs t i tuen t s can give r i s e to pos i t ion isomerism, e.g, 
o r t ho - , meta- and pa ra -c reso l s ; catechol , r e so rc ino l and 
quinol e t c . 
OH 
o-Cresol 
\ / T T T 
m-Cresol 
TV 
p-Cresol 
Sach of these isomers can give rise to individual homologous 
series. Tetra, penta, and hexa hydric phenols result on the 
replacement of A-,5 and 6 hydrogen atoms in benzene by equal 
number of hydroxyl frroups. These phenols are of little 
industrial importance. All the three tetrahydric phenols are 
known viz 1,2,3,4-, (apional), 1,2,3,5-i(oxyphloroglucinol) 
and 1,2,4,5-t.etrahydroxybenzene. Only one pentahydric phenol 
e.g. quercitol (1,2,5,4»5-pentahydroxybenzene) can exist. 
Similarly hexahydricphenol is the sole representative of this 
group. 
Aromatic hydrocarbons other than benzene can also 
yield hydroxy derivatives. Naphthalene, for instance, can give 
rise to two monohydric derivatives c\ -naphthol (XI) and 
P)-naphthol (XII). 2-Methyl-1,4-naphtholhydroquinone, a dihydric 
OH OH OH 
d-Naphthol 
XI 
p-Naphthol 1,8,9-Trihydroxyanthracene 
XII XIII 
derivative of naphthalene is a physiological active substance . 
Other polynuclear hydrocarbons like phenanthrene and anthracene 
can also give rise to different mono and polyhydric series. 
Phenols are weakly acidic. Acidity of phenols is 
attributed to resonance stabilization of the phenoxide anion 
(XIV - XVII) by interaction with the electrons of the aromatic 
system. 
•6 :0: 
^ ^ ^ ^ 
:0: 
^ \ ^ 
XIV XV XVI XVII 
in substituted phenols the acidity is modulated by 
the nature of the substituents; presence of electron donating 
groups decreasing the acidity and electron attracting groups 
increasing it. The following table-1 illustrates this fact; 
pK values 
Name 
Phenol 
o-Nitrophenol 
m-Nitrophenol 
p-Nitrophenol 
0,p-Dinitrophenol 
Picric acid 
Catechol 
Resorcinol 
Hydroquinone 
Pyrogallol 
Phloroislucinol 
o-Aminophenol 
p-Arainophenol 
Table - 1 
of phenols 
Formula 
5 5 
NOgCgH^OH (2) 
m^G^Ei^OE (5) 
N02CgH^0H (4) 
{m^)^G^E^OE (2,4) 
(N02)3G^H20H (2,4,6) 
G^H^(0H)2(1,2) 
C^H^(0H)2(1,5) 
CgH^(0Il)2(1,4) 
CgH^(OH)3(1,2,3) 
CgHj(OH)5(1,3,5) 
WH2CgH^0H (1,2) 
m^G^E^on (1,4) 
£^a 
9.9 
7.2 
8.55 
7.14 
4.01 
1.02 
9.4 
9.4 
10.0 
7.0 
7.0 
9.7 
8.16 
Picric acid is almost as strong as mineral acids, capable of 
decomposing carbonates. 
Phenols are highly susceptible to oxidation, including 
aerial oxidation. Oxidation by air or oxygen is accelerated in 
the presence of a base; e.g. catechol under these conditions 
2 
is oxidised within a matter of minutes and pyrogallol 
quantitatively. The presence of electron withdrawing groups in 
the aromatic nucleus increases the resistance of phenol towards 
oxidation whereas that of electron donating groups increases 
their susceptibility.' Another structural feature which affects 
the ease of oxidation is the relative disposition of hydroxyl 
groups in a polyhydric system. Para and ortho dispositions of 
such groups greatly facilitate the oxidation, because of the 
stability of the products obtained viz; para quinones and 
orthoquiiiones respectively. 
The most common reagents used in the oxidation of 
phenols are FeCl, and K,Fe (CN)^ and these reactions have been 
interpreted as shown below. 
=0= 
_\ 
^ 
H* 
Ji. 
"sT 
H* 
OH 
Js. 
^ 
+2e 
Hydroquinone Semiquinone 
(anion) 
IV xvm XIX XX 
CXuinone 
(red) 
XXI 
OH 
OH 
^ ^ ^ 
'vT 
H* 
=0= 
OH 
^ ^ ^ 
. r : ^ 
^ 
Catechol 
II 
Semiquinone 
(anion) 
XXII 
:0'-
a 
^ ^ ^ 
'sT 
XXIII XIV 
o-Benzoquinone 
(yellow) 
XXV 
8 
Apart from quinones, dimers, polymers, dehydrodiphenols, and 
diphenojquinones have been reported as products of such 
oxidations. 
Sensitivity of phenols to oxidation makes it 
imperative to add an antioxidant as a preservative to increase 
the shelf life of phenols. This is especially true in case of 
drugs (e.g. epinephrine) containing sucn functions. The usual 
antioxidants used are hydrosulphites, citric acid or tartaric 
acid. 
ihenols are capable of condensing with aliphatic and 
aromatic aldehydes. The first commercially exploited polymer 
was obtained by the condensation of phenol and formaldehyde. 
ir'nenols are physiologically active and at least a 
part of the vast attention that this class of compounds has 
received can be attributed to this aspect. The bactericidal 
property of phenols is so well recognised that the efficacy 
of other substances is compared with that of phenols and 
4- 5 
reported as the phenol coefficient ' . The phenol coefficient 
is defined as the ratio of tne dilution of a disenfectant to 
the dilution of a phenol required to kill the micro-organism 
Eberthella typhosa, under carefully controlled conditions in 
a specified length of time. The bactericidal property has been 
found to be pH dependent, the phenols exhibiting enhanced 
activity at lower pH values. Suppression of ionisation and the 
9 
higher solubility of the unionised species have been forwarded 
as explanations of this effect. 
i'henols are used as antiseptics. Structure activity 
relationship of the antiseptic activity has been investigated 
and it has been obs-^ rved that the introduction of (1) halogens 
(2) nitro (5) alkyl and (4-) alkoxyl groups into the aromatic 
nucleus considerably enhances this activity. However, it was 
also observed that increased halogen substitution resulted in 
increase of toxicity and decrease of solubility. Similarly 
with respect to alkylation it has been observed that the 
effectiveness of alkyl chain varies as follows; normal alkyl 
chain y isoalkyl chain y secondary chain "^tertiary chains. 
Alkyl phenols have been found to be too powerful to be used 
internally and hence are used only for sterilization of skin 
and as external antiseptics. 
Phenols and their derivatives have been associated 
with anthelmentic, anaesthetic, kerotolytic, caustic vesicant 
and protein precipitating activities. In these cases also it 
was observed that the properties varied with the number of 
hydroxyl groups as well as with the degree and nature of 
substituents . 
Phenols have been found to play an important role in 
the area of food cheraistry and food processing. Poly phenols 
have been found to be responsible for the browning of food 
10 
products on haatinc: or on exposure to air. Browning has been 
traced to the presence of the following phenols; the intensity 
of browning caused by different phenols being in the order 
pyrogallol ^  hydroquinone ]> phloroglucinol > pyrocatechol. 
Browning also has been observed to be pH dependent; the extent 
of browning decreasing with decrease in pH . 
The table 2 summarises important data concerning 
mono, di and trihydric phenols; the types which have been found 
to be of wider technical and medicinal application ''^ , 
Table 
Phenol coefficients of various 
Compound 
Phenol 
2-chlorophenol 
2-bromophenol 
2,4-dichlorophenol 
2,4,5-trichlorophenol 
2,4-dibromo phenol 
p-methylphenol 
p-ethylphenol 
p-n-propylphenol 
p-n-butylphenol 
p-n-hexylphenol 
Organism 
E.typhosus 
1.0 
3.6 
3.8 
13.0 
23.0 
19.0 
2.5 
7.5 
20.0 
70.0 
90.0 
phenols 
Staph, aureus 
-
5.8 
3.7 
15.0 
25.0 
22.0 
-
10.0 
14.0 
21.0 
_ 
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4-ethylraGt acre sol 
^-n-proj ylcresol 
A—n-butylcresol 
Catechol 
Resorcinol 
Hydroquinone 
Phloroglucinol 
Pyrogallol 
^-n-propylresorcinol 
4-n-butylresorcinol 
4-isobutyIresoreinoi 
4-n-hexyIresoreinol 
n-pro[)ylresorcinol 
Ethyl pyrogallol 
n-butylpyrogallol 
n-propylpyrogallol 
12.5 
5^ .0 
100.0 
0.87 
0.4 
12.0 
Neglis 
Neglii 
5.0 
22.0 
15.0 
46 to 
-
-
-
-
gible 
jible 
56 
-
-
-
0.58 
0.4 
0.44 
Negligible 
Negligible 
3.7 
10.0 
-
98 
4.0 
1.0 
5.0 
2.5 
12 
Table - 3 
Physical constants and uses of phenols: 
Name of n.F. B.P. Density 
Phenol Op o.^  g/ml at 
Solubilit 
Tco-in water m a 
hoi. 
Industrial and 
Medicinal Uses 
Phenol 
o-Amino-
phenol 
m-Arnino-
phenol 
p-Amino-
phenol 
o-Chloro-
phenol 
Hydro-
quinone 
41 182 1.072 
170 Subl. 
122-25 -
184 Bubl, 
2-Methyl- 124-25 165 
quinol 
Catechol 
Sl.S. 5.7 S. Bactericidal apent, 
1.7 4.4 Manuf.of azo and 
sulphur dyes,dyeing 
furs and hair. 
2.6 V.S. Dye intermediate, 
manuf. p-amino-
salicylic acid. 
175.6 1.241 
170 286 1.558 
V.S. 
105 240 1.571 
1.1 4.5 
2.85 S. 
5.9 V.S. 
V.S. 
45.1 V.S. 
Fhotop;raphic 
developer, Inter-
mediate in the 
manuf. sul'ohur and 
azo dyes, in dyeinr 
furs and azo dyes. 
Preservative and 
fungicidal, 
synthetic olant 
harmone, rav/ 
material for nyloi 
production 
In photography as 
metolquinol (MO) 
developer, in 
making dyestuffs 
and in synthetic 
pharmaceutical 
manufacturing. 
As antioxidants, 
germicidal, in the 
manuf. of azo dyes, 
13 
^-Methyl- 63 
catechol 
?A^ 
Resorcinol 110 P76.5 1,?85 
S, 
229 245 
2-r^ ethyl- 116-21 264 
resorcinol 
S. 
Pyrogallol 155-4 $09 1.455 62.5 100 
5-Methyl- 129 
pyrogallol 
Phloro-
glucinol 
219 Subl, 1.15 V.S. 
As nntiseptic Rnd. 
keratolytic action 
in skin diseases, 
fun"'icidal, 
germicidal. 
Used in the manuf, 
of dyes, in 
photography as 
developer, as 
antioxidsnts for 
petroleum 
distillates an-i 
v;ax, m\ld. 
antiseptic, in 
ointments and 
hair dyes. 
As a component of 
developers used 
in dyeline 
printing pro-
cesses as 
decalcifying 
a?;ent for bones 
and as analytical 
reagent in the 
determination of 
pentoses. 
Sl.S. = Slightly soluble; S. = Soluble; V.S. = Very soluble; 
Subl. = Sublimation; manuf, = manufacturing. 
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Spectrophotoraetric determination of organic compounds 
has received considerable attention especially in trace 
analysis. Spectrophotometric determination in the visible 
region is an extremely useful technique when a chroraogenic 
reaction is to be investia;ated. Few reactions are specific but 
a large number of them are selective or can be made so by the 
choice of proper conditions. 
The use of phenols and their derivatives in industrial 
and phsiramaceutical fields and the role that they p^ay in 
biological systems maices tne detection and determination of 
phenols an important area in the'field of analytical chemistry. 
The following are some of tne methods which have been developed 
recently. The colour reactions of phenols with chlorotoluidine 
7 
have been used to detect them'. Phenols have also been 
determined spectrophotometrically with 4-aminoantipyrene in 
the presence of potassium ferricyanide as an oxidising agent 
Gelectivity has been developed to such an extent that 
ci(-naphthol can be determined in the presence of P> -naphthol, 
-1-1 
on a micro scale , One such method is based on the rate of 
'12 diazotization , A spot test has been developed by KagaK:u for 
the detection of indophenol by reaction with p-aminophenol. 
A drop of sample solution and a drop of 2% NaOH are placed in 
a microtest tube and 1-2 drops of ethanol added to complete 
the dissolution if required. To this solution 0,5 ml 
p-aminophenol reagent is added and the mixture shaken to develop 
characteristic blue, green or purple colours. The method is 
15 
sensitive to di and tri-hydroxybenzenes; o-,m-, and p-
isomers giving different colours. p-Cresol and hydroquinone 
do not resrond to this test -^ z Colour produced by the 
interaction of Wavelits phosphomolybdic acid reaf^ ent with 
phenolic compounds has also been utilised for their 
14 determination . Phenol, pyrocatechol, resorcinol and 
hydroquinone give colours with maximum absorption at 700 nm. 
Di- and tn-hydric phenols are important structural 
elements of many plant products and the detection of these 
structural moieties aids in establishing the structure of these 
natural products. Phenols are known to give colour reactions 
with many or?;anic and inorganic reagents and several 
spectrophotOTietric methods for the determination of simple and 
o-substituted phenols have been developed •^'~ . 
A new colour reaction reported is that of titanium 
oxide with ortho and meta phenols, thymol, J^- and 6- naphthols, 
resorcinol , phloroglucinol, gallic acid and chromotropic 
AQ, on 
acids m the presence of HpSO^^. Smith et al. have described 
the use of 23 reagents for the detection of phenols. Based on 
the response of phenols to the above reagents they have been 
classified into six groups, viz; (i) alkylphenols, alkenylphenols 
and certain diphenols (ii) halophenols (iii) polyhydricphenole 
and aminophenol (iv) nitrophenols (v) strongly acidic phenols 
and (vi; phenols not belonging to other five groups. 
16 
?1 
Heertjes detected phloroglucinol using picryl 
chloride. A metnod reported for the quantitative analysis of 
P? 
polyhydric phenols involves the use of paper chromatography . 
Feigl -^  has described a spot test for phloroglucinol based 
on pyrolytic amiaation. Phloroclucindl in quantities as low 
as 10 )iQ have been detected on filter paper impregnated with 
benzene and a solution of p-dimethylam*nobenzaldehyde. A red 
colour produced by tne interaction of 1-nitroso-2-naphthol 
in presence of HNO, has been utilised for the detection of 
p-substituted phenols and fi-naphthols. Phenols detected are 
p-cresol,p-phenylphenol, phenolphthalien, A -naphthol and 
crocein acid ' ' -^. 
A spectrophotometric determination of phenols is 
based on the reaction with 5^methyl-2-benzothiazolone 
hydrazone and eerie ammonium sulphate . Legradi '^  has described 
a method for the detection ^nd spectrophotometric determination 
of naphthols, cresols and polyphenols. In this method various 
phenols react with NaNOp to give coloured products in very 
dilute solutions. This method is based on differences in 
reaction rates, colour of products and their acidity. Selectivity 
is improved by adjustment of the concentration of HpSO^. 
pQ 
Hilton describes a coloriraetric method for the identification 
and estimation of phenolic antioxidants, after extraction with 
29 
diazotized p-nitroanilme. Kolselz et^  al. investigated a 
colour reaction of some polyhydricphenols with p-dimethylamino-
benzaldehyde. Resorcinol and phloroglucinol have been determined 
17 
by this method. 
The more important colour reactions of phenols-^ -^  
developed during the last ten to twelve years have been 
summarised in table-4. 
Table ~ 4 
Colorimetric detection and determination of phenols (197^*^9^2) 
Name of 
Phenol 
Reactants Colour /\ max Sensiti- Refer-
(nm) vity ence 
Phenol Phenol + Vanillin- Dt. 
hydrochloride 
Juice phenols Juice phenol + Di- Dt, 
azotized p-nitro-
aniline 
Phenols 
Phenol 
Phenol 
Phenol 
Phenols 
Phenol + NapHPO^+ Dt. 
2% p-Aminophena-
zone solution + 
1^ K^Fe (CN)^ 
Phenol (in acetone) Dt. 
+ 2% p-Aminoanti-
pyrene + 2^ K;,Fe 
(CN)^ + (1 M )''NaOH 
+ Borate Buffer 
Phenol + HCl-H^O^ Dt. 
+ NaOH "^ '^ 
Phenol + p-araino- Dt. 
antipyrene + 2N -
NH^ + K^Fe (CN)g 
Phenolic solution Dt. 
(aq.) + 10^ 
tartaric acid 
1 pg/ml 50 
51 
500 0.4 |ig 52 
552 0.1 to 0.4 mg 54 
460 0.02-0.08 mg 55 
225 50 - 60 mg 56 
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Phenol 
Phenol 
Phenol 
Phenol 
Phenol 
Phenol 
Phenol 
Phenol 
Phenol 
o-Nitro-
phenol 
m-Nitro-
phenol 
p-Nitro-
phenol 
o-Nitro-
phenol & 
p-Nitro-
phenol 
Phenol + ra-raethyl-
benzthiozolinone-
2-hydrazone 
Phenol + Ge (SO^)p 
+ Glycerol 
Phenol + FeCl, + 
Fe (CN)g ^ 
i) 50% aq, selenium Do, 
dioxide soln.sprayed 
ii) 1% soln.of phenol 
in 20% NaoCO, 
heated with ^HCl 
DC, 
DC, 
DC 
Phenol + p-amino-
antipyrene + HpOp + 
anionic resins 
Phenol + sodium 
hypochlorite 
solution 
Dc. 
Phenol PhONa 
^henol + (NH.)T 
2"2*^ 8 
Phenol + Folin-
Denis reagent 
Nitrophenols + 
Formamidine-
Sulphamic acid + 
aq. KOH > 
Aminophenol (A.P.) 
A.P. + Schiff's 
base 
A.P. + HIO„ 
A.P. + o-Cresol + 
Nitrophenol + 
hypochlorite 
solution 
Sodium Dc• 
Red & 
violet 
Dark brown -
to red 
brown 
Blue 
Dark yellow -
-
40 ;ig 
1-2 )ig 
57 
38 
59 
40 
to orange 
Orange 
yellow to 
dark yellow 
Red 
Dc. Blue 
Dt. 
Dt. 
Dt. 
Dt. 
- - 41 
- 1.5-2.5 ;is +^2 
270 - 45 
- 1 )is/L 4^-
650 11^ 
1.2-5 pg/ml 4i 
445 
620 
Dark 
yellow & 
Yellow 
4? 
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p-Chloro-
phenol 
Chlorophenols 
p-Chlorophenol + Dt, 
HCl-H^O^ + NaOH 
d. d. 
Ghlorophenol + 
p-Aminoanti-
pyrene + 
Dt. 
KjFe (CN), 
Picric acid 
o-Aminophenol 
i-icric acid + Dt. 
HCl-Hp02 + NaOH 
ra-Aminophenol 
i) 50% aq.selenium Dc, 
dioxide soln. 
sprayed 
ii) 1^ soln.of 
phenol in POf'j ^^'f'^^. 
heated with HCl 
- do -
p-Arninophenol - do -
o,m & p-Gresol Cresol + Ce (SO^)p Dc, 
-f Glycerol 
552 
500 
532 
i)?ale -
yellow 
to 
yellow. 
ii) Dark 
yellow to 
peach. 
i) Yellow -
to Dark 
brown 
ii) Rust 
brown to 
brown 
i) Yellow -
to pink 
ii) Blue 
to Red. 
Dark brown 
to red 
brown 
o,m & p-Cresol Cresol +• sodium 
hypochlorite 
solution 
Dc. Blue 
2,^ & 2,6-Di-
allyl phenol 
Thymol 
Eugenol 
Di-allyl phenol + Dc, Violet & 
Ce (SO.)p + Red. 
Glycerdl 
Thymol + NapHPO. + Dt. 
P% p-Aminopnena-
zone solution + 
^% K^Fe (CN)g 
i) 50^ aq. selenium Dc. i) Dark 
0.1 - 0.4 m^ 
0,1-2 mf^ /ral 
0,1-0.4 mg 
1-2 >ig 
dioxide soln.sprayed 
ii) 1% soln.of phenol 
in 20% Na^CO^ heated 
with HCl "^ ^ 
yellow to 
orange peach 
ii) Buff to 
Dark yellow 
- do -
- do -
500 0.4 pg 
1-2 |ig 
54 
47 
54 
40 
40 
40 
38 
1 .3 -2 .5 >ig 42 
38 
32 
40 
20 
Catechol 
Resorcinol 
Resorcinol 
Resorcinol 
Resorcinol 
Resorcinol 
Orcinol 
(^ uinol 
Quinol 
Phloroglu-
cinol 
Phloroglu-
cinol 
Phloroglu-
cinol 
C-.techol + Sodium Dc. 
i i jpochlor ibe 
s o l u t i o n 
Test substnnce + Dt. 
^I-Bromosuccini-
mide + KI 
:-?esorcinol + 2 , 5 - D i - Dt. 
bromoquinone-^-l— 
rhloroiTiide 
Rosorc inol + Kl + 
HfJO, 
T)t. 
i) $0^ aq. selenium Dc. 
dioxide soln. 
sprayed 
ii) 1^ soln. of phenol 
in 20^ Na^CO, heated 
with HOI "^  ^ 
i) ^Ofo aq.selenium 
dioxide soln,sprayed 
ii) 1^ soln. of 
phenol in 20% NapCO, 
heated with HCl "^ -^  
Quinol + Cumene 
anhydrous acetic 
acid + SbCl^ + 
Buffer of ^ 
pH-9-0 
Quinol + Sodium 
hypochlorite solution 
+ KBr + Methyl ^ 
orange in HpSO^ 
I'hloroglucinol + KI + Dt, 
HNO, 
Phloroglucinol + 
Sodium hypochlorite 
solution 
Dc, 
Green to 
yellow 
Green bule 
.$-^.5 up; '^ 
300-400 
i) Dark 
yellow to 
Brown 
ii) Khaki 
to Green 
Buff. 
Resorcinol + p-Amino- Dt. Violet 
phenol in alk.medium colour 
585 
Dc. i) Dark 
yellow to 
Rust Brown 
ii) Pink to 
cream 
Dt. Greenish 
blue 
Dc. B l u e ' t o 
Green yel low 
F h l o r o g l u c i n o l + KBrO;2Dt. L igh t 
yel low 
50 jiP] 
0 .2 }.ig 
5'4 
0 .6 -2 fig 55 
1-2 fig 40 
5f 
1-2 jig 4f 
5-30 ;ig 5^ 
500-4-00 
Dark 
brown t o 
yel low 
1 .5 -2 .5 ;ii^ '-^^ 
0 . 6 - 5 ;ig 5 
1 .3 -2 .5 /Jg ^' 
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Salicylic 
acid 
Vanillin & 
o-Vanillin 
o,m & p-Di-
hydroxy-
benzenes 
Dihydric-
phenols 
Dihydric~ 
phenols 
Salicylic acid + Dc, 
PeCl-, -f Fe (CN)r 
Vanillin + sodium Dc, 
hypochlorite 
solution 
Dihydroxybenzene Dt. 
solution + KBrO, 
+ KBr + Methyl-^ 
oranf;e in HpSO^ 
Dihydricphenols + Dc. 
p-Aminoanti-
pyrene + HpOp + 
Anionic reoins 
i; i-'henols + Dt. 
Folin Coicalteau 
reagent diluted 
in 1N with acid 
ii) Phenols + 
Folin Coicalteau 
reagent + 2% 
NapCO, in 0.1N 
NaOH -^ 
Monosubs- Catechol moiety + Dc. 
tituted Nitrate solution 
o-diphenolR in alkaline 
medium 
Catechol 
Catechol 
Catechol + Fe (III)Dt, 
-EDTA + 
Chlorobenzene 
Chloranil + Dc. 
Catechol + DMF or 
o-,p-phenylene-
diamine 
Brown 
spot 
Yellow to 
green & 
Yellow 
Orange to 
yellow 
Red 
40 yE 
1.5-P.5 }ig 
59 
48 
41 
760 4' 
Bright 
red 
50 
480 0.1-1 mg 
Purple 
51 
52 
Catechol 
Catechol 
Catechol 
KI + HNO-
Dt, 
i) 50/0 aq.selenium Dc, 
diOKide soln. 
sprayed 
ii) 1/6 soln. o! 
phenol in 20% 
Na^GO, heated with 
HCl 
$00-400 0.6-2 jug 
Buff to 
dark brown 
Dark grey to 
Dark brown 
1-2 ;ig 
55 
40 
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x 'yroga l lo l 
P y r o g a l l o l Fyrop;allol + 0,2.% Dt, 
a a . IlaVO, + 
ace tone ^ 
i ) 30^ aq , seleniumDc, 
d iox ide s o l n , 
sprayed 
i i ) ^% s o l n . of 
pbetiol in 2.0jo 
Na.,GO,heated with 
HGl 
Green 
b lue 
i ) Lipht -
brown t o 
Dark brown 
i i ) Brown 
yel low 
0.1-0.8 mp; 5'', 
10? pg 
Pyrogallol ryrop;allol + 
Sodium hypochlo-
rite solution 
Dc, Red to 
yellow 
1.5-^.5 pg >^2 
Gallic acid 
'/- and ^-
Naphthol 
'>v-Naphthol 
and /3-Naph-
thol 
1-Nitroso-
naphthol 
Hydro qu inc-
line 
Gallic acid + Dc, 
Chloranil + DMF or 
o-,p-phenylene-
diamine 
Naphthol + Na^HPO. Dt, 
+ 2% p-Aminophena-
zone solution + 1% 
K.Fe (CN)^ 
i) 5096 aq.selenium Dc. 
dioxide soln. 
sprayed 
ii) ^% soln. of 
phenol in 20% 
Na^CO^, heated with 
HCl ^ 
Red 
riitrosonaphthol + Dc, 
Sodium hypo-
chlorite 
solution 
Hydroquinoline + Dc, 
[-odium hypo-
chlorite 
solution 
i) Light 
brown to 
Greenish 
Grey 
ii) Grey 
to Brown 
500 
i) 
to 
Yellow 
grey 
ii) Brown 
Green to 
yellow 
Yellow 
0.^ pg 
1-? ;ig 
52 
'\0 
1.3-^.5 ;ig ^ 2 
1.3-2.5 w. +^2 
Dc. = Detection; Dt. = Determination 
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The study of solid state reactions is an emerging 
area in the study of chemistry and though the number of such 
reactions carried out in the laboratory are limited, greater 
utilization of such reactions in the industry is taking place 
e.g., metallurgical and ceramic industries, manufacture of 
cement and artificial gems, formation of polymers and use of 
solid propellants in rocketry. 
Apart from tne above, practically all reactions in 
various geological processes take place in the solid stare. 
A systenatic study of reaction in the solid state started with 
inorganic renctions. This work was initiated by Hedvall-^ '^ ' 
who studied the effect of the thermal history on the reactivity 
of solids. The study of inorganic reaction led Tammann to 
advance the hypothesis that relationship exists between the 
ftp 
melting point of a solid and its reactivity. Wagner , in a 
pioneering study, was the first to investigate the mechanism 
of inorganic solid state reactions and established that in the 
reaction between Ag and S the migrating species is Ag. The 
basic features of inorganic solid state reactions have been 
summarized by Garner 
The most important aspect of the solid state reaction 
is the restricted movement of the reacting species. In the 
fluid state reacting species freely collide with one another 
to enter into a reaction but in the so^ -id state, reactions take 
place between the less mobile solid surfaces of crystals and 
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powders. Therefore, the reactivity of various atoms and 
molecules depend not only on their chemical nature but also 
upon their positions in the crystal. 
The more important features of the thermodynamics of 
the solid state reactions are summarized below:-
i) The activity of the reactants and products remain the 
same during a reaction unless the reactants and products show 
a marked solubility amongst themselves. 
ii) The reactions do not reach equilibrium except in exceptional 
cases. 
iii) In the solid state reactions XikS is generally very small 
and hence the sign of/^H more or less governs the sign ofAF 
i.e. the solid state reactions are generally exothermic, 
iv) At equilibrium AH = Tgquilb' X ZiS; for T >Tequilb»AH-
T.AS is neprative and the reaction proceeds in one direction; 
for T /^ Tequilb,, A'^-T. A S is +ve and the reaction proceeds in 
opposite direction. T equilb. is known as the reaction temperature. 
Orgcinic solid state chemistry is an area of relatively 
recent origin. In fact a book ^ on solid state chemistry 
published in 1976 does not refer to any organic reaction in 
any of its chapters on chemical reactions. In a recent review 
64 
on solid state chemistry Cohen and Green pointed out the 
limited amount of work done in this field and the tremendous 
scope for study in this area. Study of organic solid state 
chemistry is entering into a phase of rapid and active development 
25 
because reactions in organic crystals have much to offer to 
chemists concerned with synthesis, reaction mechanism or the 
chemistry of natural processes. Organic crystals are generally 
low melting, soft and difficult to obtain in really pure state. 
They are easily distorted and contain many defects and 
imperfections. 
A systematic study of organic solid state chemistry 
65 
was initiated by Schmidt -^  in 196^. Reactions in crystals 
proceed with a minimum of atomic and molecular movement and are 
thus determined by the structures of reacting crystals. Therefore, 
there are qualitative and quantitative differences between 
the reactions in the solution state and the reactions in the 
solid state. iJolecules in a crystal are arranged in an orderly 
fashion and hence can adopt only a limited number of 
conformations or exist usually in the form of one isomer at the 
expense of other possible isomers. The possible interraolecular 
approacnes in the crystalline state leading to reactions are, 
therefore, severely limited. Thus, pyridinol and pyridinone 
forms occur in solution as an equilibrium mixture but in the 
solid state each tautomer can be obtained separately. 
OH 
^N-^ 
Pyridinol Pyridinone 
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Occasionally the reactions in the solid state are quite 
different from reactions in solution as in the former case the 
solvent does not interfere. Thus when guanidine carbonate is 
heated in the presence of phenoxyacetic acid above 200°C, 
phenol is given out which can be identified by means of the 
indophenol reaction. This reaction cannot be observed in the 
57 
solution state . Similarly if dilute ethereal solution of 
chloranil is heated with a dilute ethereal solution of quaternary 
base there is no noticeable ch^ nj^ e. However, in the solid state 
a blue product is obtained 
In soy.e cases the course of reaction is dependent on 
65 
the relative arrangement of the molecules in the crystal ^. 
One type of reaction which has been much investigated is solid 
sfcate polymerization . The impetus was provided by the initial 
expectation that these reactions would be lattice controlled 
and would therefore result in highly stereoregular polymers. 
Two groups of materials which fit this description have been 
found to give highly stereoregular and crystalline polymers. 
The interesting diacetylenes of the type R -CHp-C=C-C~C-CHp-R have 
69 been studied in detail by Wagner ^ and coworkers from various 
view points, including that of the morphology of the resulting 
polymer (Scheme I ). Hasegawa and his colleagues have been 
studying divinyl-monomers which give rise to polymers containing 
70 
cyclobutane rin^s in their backbones • These polymerizing 
systems are also illustrated in scheme-I . 
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R-C=C-C=C-R 
R - C H C - C = C - R 
R-C=C-C=C-R 
hv 
solid 
R-
^ ^ ^ 
// 
hv 
solid 
* 
Scheme I 
2S 
The study of the mechamism of solid state reactions 
is a very fertile field and has attracted the attention of 
several chemists. In solid state organic reactions, the self 
diffusion of molecules within the crystal is generally slow. 
The activation energy for the diffusion of organic solids is 
generally higher than that for the inorganic ions. The 
orientations and conformations appear to be more important in 
the organic solid state as compared to the inorganic solid 
state. In the organic solid state reactions diffusion either 
occurs through the surface or via the vapour phase. The crystal 
structures of one or both of the solids might then influence 
71 
the r?.t8 of rhe reaction. Singh' has observed that surface 
migration takes place most readily when the migrating molecules 
and th3 substrate molecules have the same size and the same 
symmetries. 
It may be appropriate at this stage to discuss the 
analytical applications of solid state reaction. This aspect 
72 has been considered only by Voskerenskii' till now. 
In the solid state analytical reactions the crystal 
structure of reacting species is very important because the 
reactivity of reactants do not depend only on their nature but 
also on the positions occupied by the ions, atoms or molecules 
in the crystal lattice. If the ion under study occurs at the 
periphery increased chemical activity is possible. So far no 
attention has been paid in analytical chemistry to this aspect 
v/ 
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7^ 
of the subject. It is now fully establisJied'-^  that reactions 
which take place in the solution state also occur in the solid 
state particularly if there is close contact between the 
reacting substances. Some reactions take place even without 
trituration by simply bringing the reacting substances in 
contact. For example, sodium metavanadate crystals produce a 
reddish orange colour on comraing in contact with solid KHSO^ 
or any solid organic acid. 
Factors affecting solid state reactions are summarised 
below:-
i) Decree of grinding: the rate of reaction generally increases 
with an increase in the extent of grinding of the reactants. 
ii) Water of crystallization or atmospheric moisture: it can 
have either positive or a negative influence on the course of 
the reaction, 
iii) Temperature: the rate of reaction generally increases 
with temperature. 
iv) pH: effect of pH is less important in the solid state 
than that in the solution. Thus any aluminium salt may be 
triturated with arsenazo I and the reaction takes place easily. 
In the solution state a definite pH is necessary to carry out 
the reaction. 
An advantage of solid state analytical reactions is 
the small quantity of materials required. For example, the 
presence of 0.001% of Boron in a sample may be detected by the 
50 
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reaction wicn Beryllon -2' .If ca. 1 mg of sample is taken 
for testing, the sensitivity of this reaction for Boron will 
-2 be of the order of 10 " ^ g. The reaction may be carried out 
using the simple binocular magnifier or under a low power 
rnicroscooe. The manipulation on the stage can be done with 
quartz or glass needles and if water is necessary to start 
the reaction it is sufficient simply to breathe on to the 
stape or add a S'nall drop of water (distilled or demineralisc'd) 
Solid state reactions usually proceed in the direc-
tion involving the formation of a compound with the highest 
stability constant, K; this is normally expressed as pK; the 
logarithm of either the solubility product or the stability 
constant of complex ions. 
If several ions capable of reacting with some reagent 
are present in a mixture, then the first to react will be that 
ion which forms a compound having the highest pK with the 
particular reagent. 
The following characteristics of solid state 
analytical reactions have also been noted' . 
1) If several ions can react with a particular reagent then 
the ion having the highest valency reacts first, 
2) If ions having the same valency are present, all of which 
react with a particular reagent, then those having the higher 
atomic number or atomic weight react first. 
5) The ability of minerals to react depends chiefly on thexr 
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chemical structure, while the kinetic behaviour depends on the 
physical structure. 
^•) Crystal grains do not have the same chemical reactivity. 
Occasionally interference can be caused by the 
presence of other ions, especially in the analysis of ores 
and minerals. This can be removed: 
1) By masking the interfering ions in stable complex compounds 
using appropriate reagents. 
2) By changing the valency of the interfering ions, i.e. usirg 
redox reactions. 
3) By converting the interfering ions into readily volatile 
or sublimable compounds and removing them from the sphere of 
the reaction. 
4) By converting the interfering ions into compounds having 
a high pX, 
This aspect has been dealt v/ith in datail by Voskresenskii'•'^ , 
Rea,5:ents, particularly organic reagents having a 
colour of their own, are best used in the form of a mixture 
with carefully purified and finely ground quartz sand or 
with pure silica gel. Depending on the reagent, such mixtures 
should be prepared with a reagent content not exceeding 1^. 
The solid state reactions may be studied either by 
allowing the reaction to occur between single crystals or by 
means of the capillary technique discused by R.P.Rastogi' , 
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In tnis teciinique powders of two reactants are filled in a 
capillary as shown below (FiR. 1). 
a 
R. 
, / / / y /• ' y 
/ y ^ / y ^ y y 
y / 
^ ^ 'yy 
R' 
Figure - 1 
Where R. aad R^ are 
are solid boundaries 
reactants, P is product and a,b,c and d 
The success of this technique and reproducability of 
the results to a large measure depends upon the uniformity of 
the particle size and the amount of pressure exerted in 
filling, the capillary. The advantage of this technique is 
tnat the progress of the reaction can be studied. 
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Spot: test is a versatile non-instrumental tecnnique 
of wide and easy application'-^. An elegant modification of 
spot tests has been affected by Fujimoto et_ ai . In the 
modified form tests are carried out in the presence of light 
coloured ion exchange resins a?id the coloured products formed 
during the course of the reaction are taken up by the resins 
imparting colour to them. In the modified form these tests are 
PtO 
known as resin bs-^ d tests. Fujimoto £t al originally applied. 
this technique for the detection of metal ions while Quresni 
85 
e_fc _al extended this technique to tne detection and determi-
nation of orgpnic compounds. Ion exchange resins have in tne 
recent past been used for the detection of functional groups 
such as esterF,anides, imides, nitriles, aldehydes, ketones, 
amines •-nd amino acids 
The important advantages of this technique are: 
i) It is more sensitive because the coloured ion species is 
concentrated on tne resin surface, 
ii) It is more sensitive as ions having a charge opposite to 
that of tiie ionic species adsorbed by the resin do not interfere, 
iii) The colours are stable in the resin phase, and 
occasionally the colour intensifies on standing, 
iv) No special equipment or training is required. 
The majority of the resin bead test reported initially 
in the detection of inorganic and organic compounds have been 
based on colour reactions '"" -^  known already though some newly 
34 
developed reactions have also been used in the form of resir. 
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bead test, as is the method developed by Qureshi £t al for 
the detection of diphenylainine. 
• An interesting innovation in these tests consists 
of utilisation of the catalytic and adsorption characterist.:..cs 
of the resin beads. Detection of esters -^  is a fitting example, 
Ion exchan^ -ers hydrolyse esters more effectively than acid 
does and no new ions ax^ e introduced into the solution. 
CfUCjOCoHc+ H^O ^ CH-,COOH + G^HnOH 
5 2 5 2 5 2 5 
The ion exchanger is easily removed from the solution by 
filtering through a glass wool plug. The resulting decrease 
in pH can be detected by the indicator methyl orange. 
In the detection of amides, imides, anilides ' and 
nitriles" ' the ion exchange resin plays the dual role of the 
catalyst as well as the detecting media. 
By and large, the advantages derived by the use of 
an ion exchange resin compared with dissolved electrolytes are 
i) The catalyst can readily be removed from reaction products 
by filtration or by decantation. 
ii) The ion exchanger is more selective i.e. it distingui.shes 
more sharply between the various reactant molecules and it may 
be considered to be half way in selectivity between dissol\-ed 
electrolytes and enzymes. 
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iii) No new ions are introduced in the reaction media except 
the ions which are produced as a result of hydrolysis. 
Qureshi et al ' extended the use of ion exchange 
lesins as a catalyst and as an ion exchanger simultaneusly for 
the determination of amides and esters. Their hydrolysis is d::)ne 
by using ion exchanf^ e resins in the H form. 
Ion excnanf:3 resins have been successfully used for 
the S-iinaltaneous detection of N, S, Gl and I when they are 
presei-it in microgram amounts in the given organic mixture. 
90 \^ u^reshi £t al have developed an ion exchange method 
for the detection of aliphatic and aromatic aldehydes. In this 
method aqueous solutions of aldehydes are heated with saturated 
NaCN, containing HON, in the presence of a slight excess of 
HpSCK and the cation exchange resin beads in the H form. The 
cynohydrins formed are converted into carboxylic acids and 
NH^ ions. The ifflt ions are retained by the resin and later 
detected on the bead surface by the Nessler's reagent. 
(1 H A x' T B R - I I 
A ^s.v oiH':GrK^-HOTo:'WTRIG HCTiiUD FOR THHl DETi-^ Ri-lITIATIOfJ OF SOHE 
rOLYiii OUV aBKl/^i!'^a3 IJ^;ING p-Di:^<;THYLAMINOCINNAMALUriHIDE 
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The u:e of pheiols in chemical and pharmaceutical 
industries is widespread, furtnerniore, polyphenolics, both 
acetate n^d siiikraate derived, are important constituents of 
a iarp:e nuinb.r'r or plants and tlioir identification and 
determination is an important aspect of natural product 
chemistry, .-any phenols are known to give colour reactions 
with different orf^ anic 'md inorganic reagents and several 
spectropnotoiuetric and colorimetric methods have been developed 
for bh-^  determination of phenols, based on these reactions; some 
•15_irt S'^  91-94 
simple B '.d some complex >y t^ ^ ^ 
in VI^w of tne facts that utilisation of phenols is 
dependent on its structure and there are several such 
structur-^ l types, it is imperative that methods are sensitive 
ejough to detect and de":ermirje these structural variants, 
often it beinn; nocenfary to determine one type in the presence 
of others. For instance, synthetic coating resins are prepared 
in large junntities from p-tert-butylphenol or p-phenylphenol. 
The quality of tne product has been found to be dependent on 
trie ;mrHy of tha riw material. The presence of o-phenol tends 
to cause a yellow colour in the final resin, apart from 
introducing poor dr/ing characceristics and other undesirable 
'It; 
features. In this context Willard and Wooten -^  developed a 
colorimetric neihod for the determination of o~phenylphenol or 
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o-t/rt.buty I fhoiol, in the presence of tneir para isomers. 
itiis aetor-T'in'^ tion iivolves tne Lreatment of the sample with 
iodine in presence of oLkili. The o-alkyl or arylphenol 
underrcoes iodination and oubsecment polymerization. Bordeianu^-'^'^ 
showed tti-rt polymerization occurs throuf^h the position para to 
tne hydr-r-yl 'Tuup. '"his necessity for a free para position 
indicates tnn.t -x di-o-phenol wowld interfere with the present 
procedure but tr t o,p-dialkyl'iienol would not interfere. 
!':iuery and '^ "alier h'lve described a p;ravimetic method based 
on the STTie rescrion, hut only qualitative distinction is 
[ossible between ortho and para phenOls. 
A 'Other method dev^eloped for the colorimetric 
15 
determination of ortb.o and para dihydric phenols •^  was a 
98 
so'iuel to the erevious work on the volumetric determination 
of resorcinol. It was found that iodination of resorcinol in 
the presence of catechol resulted in the formation of a dark 
insoluble pi-ecipitate . This reaction was observed to be very 
selective for 'peta and ortrio dihydric phenols. 
The procedure involves the removal of excess of 
iodine, dissolution of the precipitate in acetone and 
spectroi'uotometric determination of the greenish - blue colour 
of tne Bolution in presence of buffers of suitable pH values. 
The chromor;en was found to be made up of equal proportions of 
resorciiiol and catechol. 
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^ojorcinol produces a colour due to aristol fori'i-ition 
in t'!e absence of cateciiol as well, but a blank in the 
d'^ tex^ mi'-ation of ca*;ecbol can provide tlie necessary correction. 
The colour c^ .u.Ted by the formation of aristol is red or pink 
wnich is different from that caused in the presence of catechol 
and hence tiie use of spectrophotometer can nef^ate the use of 
blank. 
A conprehensive comparison of some of the more 
sensitive methods of phenol determination has been made by 
qq . ioO 
Mohler and Jacobs''. The p-aainoantipyrene (p- AAP) method 
was foi'nd to be the fastest; offering tne greatest precision 
within tho shortest time, Furtuermore it seems to be the one 
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widely adoj ted for water and wiste water analysis , and is 
applied frpqu?iitiy in other fields also e.g. in determination 
of pesticide -^oieties 
i'he i^ -AAt' re'iction hr-a several deficiencies most 
significput of Wi.icn is its discrimination ap;ainst certain 
p-substituted phenols. Other disadvantap;es are its sensitivity 
to pH .•pri.^ ti'-'ns r^id the consequent difficulty of the availabi-
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lity of suitr'ile bufl'ers for tne reactions 
ohat.'tl,-^" a!"t ^ r the comparison mentioned above was 
made, 'iunir a-d Kriester reported the discovery of new 
azodyes obtainable by the oxidative coupling of 5-methyl-
2-be.;5'.ot!'iazoliP','r.e hvdrazone (MBTH) with phenols, reactive 
33 
riet/n^ieru^ mmi'Oi n I •,, nnd 'vromatic rvmiT«os. This r e a c t i o n lias 
105 b?9a u+i.-iS9d iM t.i:-! foi'in of a spot t e s t f o r phenol de r ivTbive "^  
8"d in a nn ;-,ii,L ^Toc^-'iiir'^ developed by Uneda for d e t o r r i i -
noli'jn o.:' ] liv^ol i t - -e l f . Due to the f a c t t h a t t h e l a s t 
:.ientioned v/ork i s p j b l i s h e d in Japanese and t h a t no comparis ion 
y i t h o'ih:?:; •^ua'i; ; i tative methods has been made, i t does not seem 
t j have b3'-n suo jec tod to v;idenpr'';-ad a p i d i c a t i o n . The Ti.ethod i s 
b'i.God on t n ; foLlo'..'infr, se iuence of r e a c t i o n s (Scheme - I T ) ; the 
coupling; r : ' a c t i 'n t '^kinp p l ' x e in a c i d i c medium usinp; e e r i e 
a-'fionium anlrh-.ue a? o.-ci'ja^'t. 
r<^^ / \ 
N~NH' 
•OH Jm2l!i2iU> 
in dil H2SO4 
CH3 
<^:^^ 5 
N-N=^  o o-
Scheme II 
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Jn t!:e initirl exi eri'i'^ ntc with the "liiTil the reaction 
•jas perform."! u^ iier alkaline conditions employing potassium 
fen-icyainde as o::i lant. While this was satisfactory for some 
phenols, t'rv yield of dve was p;enprally low. In some instances 
i-^ uroveinent could, be affected by the use of ainmoniuni per 
107 
sulphate as oxidant. A remarkable increase m the yield of 
tne dye v;as re'.'ortod by Umeda £t_ al by using eerie acanonium 
sulphate as the oxidant and performing the coupling reaction 
in acidic medium ' °, 
An automated colorimetric method was developed by 
15 
Friestad and cov-'Drk?rs ^ for the microdetermmation of phenols 
involving; oxidative couplinp; v/ith riBTH; especially for pesticide 
residue analysis. Houn^hly 25^ of the pesticides on the World 
market today are compounds possessing substituted phenol moieties 
whicii ma,/ be no-'e or less easily cleaved from the molecule. 
Thus, a reliahla -^ nd sensitive general phenol analysis could 
be a useful tool in the determination of a large number of 
pesticid3s. 
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A metnod reported by ohukla e_t al , describes the 
determinaticn of catechol, rcsorcinol and phloroglucinol using 
potassium ioJat3 in dilute HNO^. The [general utility of this 
method, however, is limited both by the number of phenols which 
can be estimated and the interference caused by picric acid 
and o-nitropherol. Determination of phloroglucinol and 
pyrogallol has baen reported titrimetrically, but the method 
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IS of low r^  '-nFit Lvity . p-^imOvhvl-•?minoben^aIc!ehyde, alno 
kiiovm aa f'lrirlich's raa^ orit, is a vex^satile reagent of v;ide 
applicatiDn in coioriinetric analysis. It has been used to 
determine phloro'iucinol' but this method is handicapped by 
th-:^  fact fctr't tJi3 df^termination is possible only in the ranp;e 
of 1 - 1 5 UT/ml, severely limitinf^ fche sensitivity. p-Dimethyl-
njninobeazaidphyde tns also been used for the determination of 
resorcinol, bat oaLy in the absence of other phenols which 
.V .7re found ^o irt'-rC're. 
KaH'?v-T, it has been successfully substituted by 
p-dimethyla'niaocinaair,aldehyde in several analytical procedures. 
The advarita'i-'^ s jerived are bathochromic and hyperchromic shifts 
of the concerned ma :ima resultinf^ in considerable enhancement 
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of the S'^ Hisibivity of the method "^  , In our laboratory 
p-dimethylamonocinnamaldehyde has suceessfully been employed 
109 
for tlie determination of primary and secondary aromatic amines 
No systeiiatic investif'^ation of the reaction between 
p-dimethyla..iinccintiamaldehyde with phenols appear to have been 
conducted so far, wnich fact irompted this investigation. 
p-Dimeth/laminocinnaiaaldehyde was thus found to react with 
phenols in acidic medium producing a greenish - blue colour 
capable of spectrophotoraetric determination. Substances found 
to interfere with several of the previous methods have been 
found not to do so in this metiiod. Primary and secondary 
aromatic amines interfe-re in this method but these can easily be 
110 
avoided by employing Fiegl's procedure 
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ffiXP;';RI?1=';MTAL 
Appara tus : ^'p?ctrorhotoraetx'ic d a t a were ob t a ined by u s i n g a 
s p e c t r o n i c 20 spectropfiotometer(Bausch and Lomb; USA). 
Reagents : All the reap-ents v;ere of a n a l y t i c a l g r a d e . P'resh 
ofcock s o l u t i o n s of phenols were prepared by d i s so lv in r r weip^hed 
aaiQunts of phenols in r re thanol . 10 II of p-DAC (BDH Poole , 
i-n^Uand, L.K. •••rsde) was p r ep r r ed in methanol . 
i r o c e d u r e s : 
( i ) jJet^ar-ainrj L'ion of r e s o r c i n o l : To 2 ml s o l u t i o n c o n t a i n i n g 
5-50 jip; of r e m r c i n o l in methanol were added 2 ml of ^l-". HGIO^ 
a"d 2 ml of 10 M p-DAG s o l u t i o n . The volume was ra.^de upto 
10 ml with methanol in a 10 ml s t andard f l a s k . The absorbance 
of the r e t 'U l t inp R;reenish b lue s o l u t i o n was measured a t 25 C 
in a 1 cm c u v e t t e a t 6.50 nrn a,";air)St a blank prepared in t h e 
same maaner a t the same t ime as t h e sample s o l u t i o n . The 
co lou r was s t a o l e fo r a ino ty minu te s . 
( i i ) j)etermir]atxon of ph lo ro r ; luc ino l : To 2 ml of s o l u t i o n 
c o n t a i n i n g 1.5 t o 15 }i? of p h l o r o g l u c i n o l i n methanol were 
added 0.02 ml of >'! HCIO^ and 2 ml of 10"^M p-DAC s o l u t i o n . 
The volume was made upto 10 ml with methanol i n a 10 ml 
s t a n d a r d f l a s k . The absorbance of the r e s u l t i n g f,roenish b lue 
s o l u t i o n was r e a s u r e d a t 25*^0 in a 1 cm c u v e t t e a t 550 nm 
a g a i n s t a bla-'k prepared in the same manner a t t he same time 
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as l-'ie s-MiU'l^  i;olM!.ivn. The cn^ lo !r r-t'ibilised after }U minutes 
and reiTii'-'od atanie for one iiour. 
(iii) Det;er:"iriatioa of py.rogallol: The procedure is same as 
in the ca^ -e ol" resorcinol, the only difference beinf^ in the 
lower and upper iii;its of the amount determined i.e. 15-150 ug. 
(iv) fJe term in at ion of o-nethylresorcinol: The solution (2 ml) 
containin-'; ?3 to 125 p^", >'PS determined, in a similar manner as 
in {!). T'le f^nomit of HGlO^ used was 0.5 ml. Other conditions 
were similar. 
(v) Pet'^rminati-^n of orcinol: The procedure for determination 
difj'ered from (i) in the amount of acid used i.e. 0.4 ml, the 
raru-;e i.e. 5 to 25 }'o '-'''Ci the time required for the colour to 
stabilise i.e. -^0 minutes. 
(vi) Dete.'.-Tinai,ion of tlie tolei'ance limits: Appropriate 
quantities of or-^anic and inorg=tnic substances were dissolved 
in 1 ml of iiethanol and to this solution were added methanolic 
solutions of reoorcinol (2 ml containing 2.75 Mg)» p-DAG 
(2 ml^ lO'^ i^i) and HCIO. (2 ml, 5M). The volume of the resultant 
solution was made upto 10 ml with methanol. A similar solution 
was prepared witiio\it tho orr;anic/inorcB,nic substance being 
examined. Absortances of botn the solutions were measured at 
650 nra afainst a blank. Results are tabulated (Tables 6 Sc 7) • 
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H:^ JU[.To 
The r^ s^uits are summarized in fip;ures 2 - 8 and 
tables 5 - 7 . It is clear from figure 2 that the maximum 
absorption for the coloured product of phenols with p-MC 
occurs at 650 n-n. Table 5 shows that product reaches its 
innxiEDu;!] for rerorcinol, i-yro^ allol and orcinol within 90 
minutes, for o-netbylresorcinol and phloroglucinol within ^0 
and 2.0 minutes respecti\/-ely. The volume of 5W perchloric acid 
required for orbimum colour development is minimum for 
phloroglucinol (0.02 ml) and maximum for resorcinol and 
pyrogallol (2 ral eacn) '-/hile o-raethylresorcinol and orcinol 
required 0.5 ral and 0.4- 'ol HClO^ respectively. The Beer's J/aw 
follows in the concentration range given in table 5j snd as 
indicated in tne figures 3^7* Job's plot of continuous 
variation was drawn for resorcinol to establish the stoichiom-
etry of the coloured product. Figure 8 shows that resorcinol 
reacts v-.'ith p-I>A'' in 1:1 mole ratio. Similar plots were 
obtained with all other phenols. The proposed method is highly 
sensiti^ '"e and selective for di and trihydric phenols and its 
derivatives because rnonohydric phenols do not react with the 
reagent under the experimental conditions. Among the dihydric 
phenols this method exhibits a great deal of selectivity as 
positive re^ p^onse is obtained only from 1,$-diols; the ortho 
and para dihydric isomers (catechol and quinol) being unreactive, 
0 . 7 
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Table - 3 
O'ptimum conditions for the spectrophotometric determination of phenols 
with p-dimethylaminocinnamaldehyde: 
Substance Liner range Volume Time Colour Stand-
()ig/ml) 5M of remains ard 
HC10|, deve- stable devia-
(ml) lop- (rain.) tion 
ment S 
(rain.) 
t^ \ 
max (mole cm 
(nm; , Jv 
^ ^ dm^) 
Resorcinol 0,1^ -5.0 2.00 90 90 0.012 630 16900 + 
1211 
o-Methyl-
resorcinol 2.5-12.5 0.50 40 90 0.010 650 9800 + 
741 
Orcinol 0.5-2.50 0.40 90 90 0.002 650 4000 + 
200 
Phloroglu-
cinol 0.15-1.5 0.02 20 60 0.031 650 84000 + 
1271 
Pyrogallol 1.5-15-0 2.00 90 150 0.005 650 I38OO + 
240 ~ 
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T'i.e folio 'inn o^ '•^ .^nic compounds piave no colour with 
t'tie re--TPPt in tti? :^ rer-'^ nce or perchloric acid. 
Hydrocnrbonf; -^-li bnsir de_rivatives: 
l'-?n?.e'e, brornobenzene, chloroform and carbon tetra-
chloride. 
Ketones: Acetone, ethylmethylketone, cyclohexanone, methyl-
ir.obutyl^^etone, b':^ n'7,ophenone, acetophenone. 
Acids: Acetic, be'izoic, formic, propionic, oxalic, sulphuric, 
hydrochloric, tartaric, m-nitrobenzoic, o-nitrobenzoic. 
•'ithors; Ani.sole, dioxane, diethylether, p-nitroanisole. 
iiienols; - ii^nol, o-nitroohenol, m-nitrophenol, p-nitrophenol, 
picfic •^ •cid, catechol and quinol. 
Alcohols: ''iethyl, ethyl, n-propyl, isopropyl, m~butyl, ioobutyl, 
isoamyl, t-a^7] and plycerol. 
Amines: Aliphatic and t-aron.atic. 
The tolerance limits of foreign organic as well as inorganic 
compounds in the determination of resorcinol are given in 
table 6 and ?• 
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Table - 6 
Amount of resorcinol detormined in the presence of organic 
compounds; 
Foreip;n substance /V'lount of foreign compound Resorcinol 
added (mr;/ml) determined 
( pg/ml ) 
' ] . Phenol 25 ? .75 
^, o--Aitvriv\ier.ol 10 - d o -
3 . m-Nitrocheuol 10 - d o -
• ' 4 , p-'\.ltrop'ne-iol 10 - d o -
5 . Catechol 10 - d o -
6 . Qui-iol 10 - d o -
7 . .^-r iaphtnol 10 - d o -
8 . IS-ilaphthol 10 - d o -
9 . Oxime 10 - d o -
10 . Salic7lara:.de 10 - d o -
l l . S a l i c y l i c ac id 20 - d o -
12 . m-Hydroxybonaaldehyde 10 - d o -
1 3 . Anisaidei iyie 2 , 5 - d o -
1 4 . Acefcoohenone 5«0 - d o -
1 5 . Glucose 25 - d o -
16. Sucrose 50 - d o -
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Determination ol' resorcmol ia the presence of inorganic compounds* 
Forein;n Gubsc-^nce Amount.of inorganic Recorcinol 
comi>ound added determined 
C mg/ml ) ( ug/ml ) 
1.5 2.75 
2.5 -do-
2.5 -do-
5.0 -do-
5.0 -do-
5.0 -do-
2.5 -do-
10.75 -do-
5.0 -do-
1.0 -do-
1.25 ~do-
2.5 -do-
10.0 -do-
2.0 -do-
1.5 -do-
1.25 -do-
1,0 -do-
^A -do-
0.8 -do-
0.75 -do-
1.85 -do-
7.0 -do-
1 . 
3. 
4 . 
5. 
6 . 
7. 
8 . 
9. 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 A - . 
15. 
1 6 . 
17. 
l a . 
19. 
2 0 . 
2 1 . 
2 2 . 
Al C I - . ^ ) ^ 
CuC:l 
CUCI2 
H p . , r ' l , 
KI 
S ^^4 
KS'^;i 
rif? A c , 
Fig Clp 
'% (NO^) . 
HgClg 
MnOp 
Na'IO-, 
7 
NH^Cl 
^iH^NOj 
Ni ( i IO,)p 
NiSOj^ 
PbAc2 
SnClp 
ZnACo 
ZnCl2 
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DISCUSSION 
The cii and trihydric phenols which react with p-DAC 
under tno conditions described are resorcinol (III), 
o-methylresorcinol (XXVI), orcinol (XXVII), phlorof^lucinol (VII) 
and pyrogallol (V). An examination of their structure 
immediately reveals that the minimum requirement for production 
^ OH 
Resorcinol 
III 
OH 
r^^^Sr" Ul, 
CH' 
OH 
o-Methyl resorcinol 
XXVI 
OH 
Oreniol 
XXII 
HO'''^^^:^OH 
Phloroglucinol 
VII 
Pyrogallol 
V 
of the colour is the presence of 2 OH groups viz resorcinol, 
o-methylresorcinol and orcinol. This structural requirement 
is also satisfied in the two trihydricphenols which respond 
positively to this test. Eurtner it was observed that phenol, 
e(-naphthol and P)-naphthol from among the monohydricphenols and 
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quinol Rnd catechol from the dihydric class failed to respond 
favourably to this test. Two conclusions emerge from these 
observations. Viz (a) th'rt the aromatic nucleus should carry 
nt ienst two OH '":roups to make the phenol respond to this test 
^nd (b) tnat only sucn phenols respond to this test which have 
2 OH (groups situated at position meta to one another. 
Hydroyyl p;roups are ortho and para directing, and 
assuming tnat ttie basic reaction involved in this case is 
electronhilic substitution it can be concluded that the carbon 
being afctnck^ i^ t-y the electrophilos requires simultaneous 
activntion hy t'-ro -,^4 groups situated at positions ortho and 
para to it. 
"'he p'lsorption in the visible range viz 630 nm can 
arise only out of an extended chromophore. The following 
mechanism (.Sche^ ne - III.) can explain all the salient observation 
regarding ttie structure of the reacting species as well as 
the absorption maxima of the product. 
This reaction is thus responded to only by di and 
trihydric /'henols in which 2 OH groups are situated at 
positions meta to one another. The specificity of this reaction 
is thus ari^ acait. 
Regarding the quantitative aspect, this method 
compares favourably witn the metnods reported earlier. The 
ronge of determination in the reported procedures are 
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// 0 
lCHj)2-N-C5H/,-CH=CH-q + H* 
H 
(CH3)2-N-C5H4-CH=CH"C? 
6-H 
H 
\~~^J/ ICHjl^-N-CgH^-CH^CH-C 
OH 
Q M y>—. 
ICH3)2-N-C5H4-CH=CH-C^^JV0H^ [CH3)2-N-C5H4-CH=CH-q—< >-0H 
-HjO 
0 
2^ > (CH3)2-N-CcH4--CH=CH-Cl+< V o H ^ = ^ 
\=y 
QH 
ICH3)2-N-C5H4-CH=CH-CH=( >rO 
Scheme III 
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resorc ino l - ?-?A y/\v.l^^^, 0.7-7 }ig;/ml'^^ and 10-50 jig/ml'^^; 
pnloror lucinol - 2-^4 |ir:/ml^5, 1.5-2 pg/ml'- '^^  and 1-15/iri/'ril'^^; 
pyro<;:;al.].ol - 1.5--.0 ^(T/iril' r e spec t ive ly . 
The !-^oncentr^i1-ion r:'.nr:e within waicn t h i s method i s appl icable 
i s as foJ • ovv^ ;: 
Resorcinol - 0.5-5«C) Ug/ml 
tnloroglucinol - 0.15-1.5 Ps/ml 
h.yror^allol - 1.5-'15 pp/ml 
Addit ionally, a survey of the l i t e r a t u r e snov/s tha t 
no spec i f ic method of p;eneral a p p l i c a b i l i t y i s avai lable for 
the deteri'!irvitior)S oH o-inethylresorcinol and o r c ino l . Hence 
tills method i.^ ; the nio.?t s e n s i t i v e , easy and p r a c t i c a l method 
for the d'^terTiinritions of o-methylresorcinol and o r c i n o l . 
C H A P T ;^  R - I I I 
A;HON ^/:cn\':ih'l D-I'i'^ JC'^ ION 0? r!fi<nOLS AND SP3CIFIG SPEG'nomOTO-
METRIC Di'rffiW'iin^-'^IUiJ UP CAThlCnoL 
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INTRO J311GTI(M^ } 
rhenols as such ana as part of larger molecules occur 
in nature and are involved to a larp;e extent in biological 
processes. For instance, ortno diphenols or catechol moieties 
111 have been found to act as neuromuscular transmitters , 
11? 11 'i 
s<ynaptic transmitters and convulsent agents -^, Such 
114-
substances have also been reported to be amino acid inhibitors 
115 
and carcinogens oi pronounced tumorigenic effect . Furthermore, 
116 
catechols are probably the most toxic hydroxy metabolites 
These biochemical and metabolic activites associated with 
catechol moieties maKe tneir detection and determination an 
attractive and useful proposition. It was, therefore, thought 
proper to devise methods to detect and determine catechol 
moieties in tne first instance and later to apply these methods to 
biological systems. Our attempts and the results achieved in 
the first phase of this integrated approach are reported here. 
Taking in view the ultimate object of this project, 
it was tnou|;iit desirable to avoid the use of sophisticated and 
expensive instruments to the maximum extent possible so that 
•chese methods could be of the widest application. The choice 
of methods, perforce, were limited to tne most common and 
least expensive techniques; chemical or colorimetric. 
Development of such methods would make it possible for every 
laboratory or nospital to undertake these detections and 
determinations. 
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Reagents; DiniBthyl. sulphoxide (DFiSO) (BDH, Poole England) 
and Dowex-'IXB (01 form). The resin was converted to various 
anionic forms in the normal manner. All the phenols were of 
Analar Grade. Solutions of phenols were prepared daily by-
dissolving weighed amounts in distilled alcohol. 
Procedure for tne detection of catechol and other phenols: 
i'laced 15 fco 20 anion exchange resin beads in the 
depression of M^tiite spot: plate and added to it one drop of the 
test substance followed by a few drops of DMSO. The contents 
were heated over a boiling water bath for approximately 
2 minutes. Different phenols gave variable colours with 
different anionic forms of the resin. The colour as well as 
the amount detected for 0.01 ml of the test substance are 
given in the table-T. Only sharp colours have been considered 
and colours which could not be distinguished easily have been 
excluded from ihe table-8. 
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RESULTS AND DISCUSSION 
Trie following organic compounds gave no colour with 
the anion sxch^ tnge resins even alter heating on a water bath 
for half an nour, 
H^ydrocurbons :v-(i their derivatives; Benzene, bromobenzene, 
chloroforin, carbon tetrachloride and azobenzene. 
Alcohols: f'lettiyl, ethyl, n-butjl, propyl, isopropyl, t-butyl, 
amy 1 ..md rly c ei'o 1, 
Aldehydes; Formaldehyde, acetaldehyde, p-dimethylaminobenzal-
dehyde, p-dimethylaminocinnaraaldehyde, m-hydroxybenzaldehyde, 
salicylaldehyde, ariinsaldehyde, crotonaldehyde and paraldehyde. 
Ketones: Acetone, acetophenone, benzophenone and cyclopentanone. 
Amines; Iiethyl, ethyl, triethyi, diethanol, diphenyl, 
.y^ -naphttiylaiiiline, toluidine, chloroaniline, o-nitroaniiine 
and pyridine. 
Ethers: Dirnet*iyletner, dietliylether, anisole, 1,4-dioxan 
and petroleum 2tner, 
Carbohydrates: Starch, glucose, lactose, fructose and maltose. 
Amides; Acetanilide, benzamide, saiicylamide, dimethyiformamide, 
urea ard thiourea. 
Anhydrides: Acetic and phthalic. 
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Indoles: Indole, tryptophan, 5-hydroxytryptaraine,<j^ -raethvl-
tryptamine and 5-t>enzyloxytryptamine. 
Acids: Acetic, beizoic, citric, gallic, maleic, oxalic and 
trichloroacetic. 
Aainoacids: Glycine, lysine, leucine, brucine, histidine 
and lutLdine, 
The limit of detection of various phenols is given 
in tabl?-<^, Thoup;'i the method appears to be a general one for 
phenols a glance at the table-8 reveals that by judicious 
combination and permutation of various anionic forms of the 
resins specific detection of some of them is possible. 
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Table - 8 
Detection of phenols with anion exchange resins (Limit jig) 
Name of Ferro- lodate Formate Bromide Acetate Sulfate Oxalate 
phenol cyanide 
Catechol 
Pyrogallol 
(+) Catechin 
Hydroquinone 
Resorcinol 
Orcinol 
o-Methyl-
resorcinol 
Phloroglucinol 
t-Butyl 
catechol 
Picric acid 
o-Nitrophenol 
m-Nitrophenol 
p-Nitrophenol 
o(-Naphthol 
j^Naphthol 
20 
G 
10 
DP 
20 
BG 
50 
B 
-
-
20 
DB 
-
50 
B 
-
10 
R 
10 
R 
10 
R 
50 
BG 
-
«w 
5 
R 
10 
R 
50 
B 
5 
Bl 
20 
B 
5 
B 
-
500 
B 
-
-
10 
R 
10 
R 
-
~ 
10 
G 
10 
B 
50 
B 
-
-
20 
B 
10 
D3 
-
-
-
-
-
-
50 
BG 
-
10 
LG 
-
-
-
15 
B 
-
-
-
250 
B 
-
-
-
-
-
-
10 
B 
20 
R 
-
50 
DB 
-
50 
B 
10 
DB 
-
50 
B 
-
10 
0 
10 
R 
10 
R 
20 
BG 
20 
BG 
20 
0 
10 
0 
10 
0 
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Table - 8 
detection of phenols with anion exchange resins (Limit pg) 
Name of Phosj^ hate Nitrate Sul- Tunp;s- Bromate Hit- Borate Tellu-
phenol rite tate rite rite 
Catechol 
Pyrogallol 
(+) Catechin 
Hydroquinone 
Resorcinol 
Orcinol 
10 
G 
?0 
B 
10 
.L)B 
o-Kiethyl- 50 
r e s o r c i n o l B 
Phloroglucinol -
10 
0 
t-Butyl-
catechol 
Picric acid 
o-Nitrophenol 
m-Nitrophenol 
p-Nitrophenol 
<A-Naphthol 
ft-Naphthol 
-
5 
R 
10 
R 
10 
R 
-
10 
R 
-
-
10 
R 
10 
R 
-
-
^ 
— 
-
-
-
-
-
-
10 
LR 
10 
LR 
-
— 
-
-
-
-
-
-
10 
0 
10 
0 
-
— 
-
-
-
-
-
-
10 
0 
10 
0 
-
20 
Bl 
5 
DB 
20 
DB 
20 
B 
-
2 
R 
10 
DR 
10 
0 
10 
0 
50 
BG 
40 
DB 
10 
B 
10 
DB 
20 
DB 
10 
B 
20 
B 
5 
0 
-
10 
0 
10 
0 
-
B a Brown; Bl = Blue; BG = Brownish Green; DB = Dark Brown; G = Gresn; 
LG «= Light Green; LR = Light Red; 0 = Orange; R = Red-
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IrJTRODUCTION 
One of the better methods available for the determi-
aation of catechol is that developed by Navarro"^  . This method 
is based oa the fact that Fe'^  forms a series of coloured 
complexes with catechol. Pronounced drawbacks of this metnod 
are the lack of stability of these complexes and their lov/ 
absorptivity. Navarro attempted to overcome these limitations 
by extracting the coloured species with liquid ion exchanf;ers. 
The procedure adopted involved the addition of the test sample 
to a mixture of 0.2M carbonate buffer and 0.01M Fe (III)- Na^ 
ETDA solution. The chromogen is then extracted with chloro-
benzene and the absorbance of the organic phase determined. 
No data regarding either tne limit of determination or 
specificity, however, is available in the communication. 
117 Feigl ' has described a specific spot test for the 
detection of catechol by treating it with phloroglucinol in 
presence of aqueous NaOH. However, the transient nature of the 
colour produced precludes its application in quantitative 
analysis. Furthermore, the test is empirical as the formation 
of the colour remains unexplained. This reaction was, therefore, 
investigated and the experimental conditions modified with a 
view to stabilise the colour so that this method can be made 
of use in quantitative analysis. Thus, it was observed that by 
carrying out the reaction in alcoholic, instead of aqueous, 
medium the colour could be stabilised to such an extent that 
colorimetric determination could be carried out conveniently. 
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EXPERIMENTAL 
Reagents: Pnloroulucinol CLR,BDH, Poole England) and catechol 
(Bayer G3rnian iroduct, Sisco Chemical Industries, Bombay, India) 
were crystallised till the melting points were in a.greement 
v/ith the reported values, oodium hydroxide pellets (E.Herck 
India) were used. Fresh stock solutions were prepared daily in 
distilled alcohol. 
Apparatus: Bausch and Jjomb spectronic 20 spectrophotometer 
was used for measurinf' the absorbance. 
• • o 
Procedure: 
(i) Specific determination of catechol; 
To a 0,5 ml solution containing 0.55 to ^^ >ig of 
-2 
catechol in distilled ethanol were added 1 ml of 10 M 
phloroglucinol and 4 ml of 0,1 percent NaOH solution, also in 
distilled etaanol. The volume was made up to 10 ml with alcohol. 
The absorbance of the resulting green colour was recorded at 
room temperature in a 1 cm cuvette a 600 nm against a blank 
prepared under identical conditions, at the same time as the 
solution. The colour stabilised within 15 minutes and remained 
so for 45 minutes. 
(.ii) Determination of the tolerance limit of foreign substances; 
The solution of the substance being examined in 
distilled alcohol (2 ml) was taken in a 10 ml standard flask. 
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To this, were adied 0.5 ml solution of catechol (containing 
about 2 ug), 1 ml of 10~^M phloroglucinol and 4 ml of 0.1% 
NaOH solutions. The volume was made up to "10 ml witn distilled 
alcohol. The aboorbance of the resulting green colour was 
recorded at rocra temperature in a 1 era, cuvette at 600 nra 
against a blank prepared under identical conditions, A reference 
solution was also prepared as described above but without the 
test substance and its absorbance also determined to adjudt^ e 
the effect of the substance. 
Examination of role of air in the reaction; 
Alcohol was deaerated by passing a stream of nitrogen 
tnrough it continuously for about JO minutes. The solutions 
were prepared in the deaerat3d solvent, all the operations 
being conducted nnder an atmosphere of nitrogen, rigorously 
excluding air. Rest of the procedure was akin to that outlined 
for the determination of catechol. The absorbance was measured 
at 600 nm. 
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n-':r;ULTo k[YD DISCUSSION 
The abcorption spectrum of tiie product of catechol 
and phlorof^lucinol in the presence of base and that of the 
renctants is given in fig.9. It is evident from the figure that 
at bOO nra tne re'ictants p.bsorb to insignificant extent and 
hence the colour is solely due to the product of the reaction. 
The calibration curve foi' catechol is given in fig. 10. 
Catechol can therefore be determined specifically in the range 
of 0.0;:?5 to 1.1 }ig at a A max of 600 nra with a molar 
aosorptivity of I9107I + 872 and a standard deviation of + 0.01. 
Catechol can be determined specifically in the presence of 
ascorbic acid, vjiaicli does not interfere up to a limit of 
1,5ms/10 ml of :;:)e solution. 
The following nydroxy compounds do not give a green 
colour with the reagents. Phenol, resorcinol,'orcinol, guaiacol, 
veratrole, c^-, and A -naphthol, 1,8-, 2,3-, and 2,7-dihydroxy-
naphthalene, va'iliin, verabraldehyde, piperonal, salicylic 
acid, quinic acid, t-butylcatechol, (+)-catechin, dopamine (HCl). 
The effects of variation of the concentration of base, 
reagents and temperature are given in figs. 11 to 15. They 
show that the conditions specified are the ideal ones for the 
determination of catechol. 
The Job's plot for a fixed amount of base and with 
variable amounts of phloroglucinol and catechol is given in 
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fif.14. It r.tiovvT, tivit the coloiirod product is the result of the 
combination oi" catechol and phiorogiucinol in the ratio of 1:1, 
1 )ig of cau'chol C';n be determined in the presence of 
phenol (12 mo:), resorcinol (4.5 mp), o-methylresorcinol (2.i? rag), 
orcinol (6 rug), ._;(-na(.hthol (10 mg), ^ -naphthol (10 mg), o-nitro-
phenol (5 nif^ ), n-ni trophenol (?.> mg), p-nitrophenol (2 mg),picric 
acid (2 nn;), saJ.icyialdehyde (4 mg), p-dimethylarainobenzaldehyde 
(3 mg), oxalic acid (5 ffg)i salicylic acid (2 mg), glutamic acid 
(2.5 mg), spartic acid (5 rag) and histidine (5 mg) etc. 
In order to understand the nature of the reaction it is 
essentia.L to gau[';e tlie Icetonic nabure of phloroglucinol. It was 
1 1 t t 
tiierefore, subjected to the Janovsky reaction ; a well establi-
shed tes'; for ketones, i hloroglucinol, thus, when mixed with an 
alcoholic solution of base and 1~chloro-2,4-dinitrobenzene and 
shaken the appe ra*ice of a deep red colour was marked and immediate, 
119 Sawicki had :^ roposed triat phloroglucinol can exist m the four 
foliowini'; tautoneric forms, depending on the pH of the medium: 
HOv^^^X^OH 
<s 
HOy^^^b 
:s 
HOv^'^0 
J<v 
Pk-8-0 V - V H 
OH OH o>-\ 0 
XXVIII y^ XXIX 
Ov^"^^0 
'H 
VII 
0 
XXX 
Tautomers of phloroglucinol 
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No ri"ite experimental evidence^ however, was available 
in support of this hypothesis and it may be worthwhile to mention 
here that the positive response to 1-chloro-2,^~dinitrobenzene 
can be taken as experimental support albeit qualitative, in 
support of the ketonic nature of phloroglucinol. The pH of the 
solution in wnich tne test was conducted was 11 in conformance 
with the conditions under which tautomer (XXX) is proposed to 
be stable by Sawicki. Incidentally the pH of the reaction 
mixture was also found to be in the neighbourhood of 11.0. The 
factors on which a iiechanisn for this reaction can be proposed 
ax*e (a) the Job's plot v^ hich stipulates that phloroglucinol 
and catechol react in the ratio of 1:1 (b) the pH of the reaction 
and the Liositivs test for ketones given by phloroglucinol at 
this pH. and (c) the fact that air does not influence the course 
of this reaction. 
Under tiie experimental conditions there are two 
available pathways which this reaction can adopt, viz radical 
pathway or ionic patliway. i'henols are particularly susceptible 
to oxid;?tion throuf.n radicn.! formation and through it to 
coupling, particularly "Jnder alkaline conditions. As mentioned 
elsewhere apart from the presence of a base what is required is 
an oxidant, which could be either an added oxidising agent like 
K^Fe (Cii.Vi -"6 1^, eerie ammonium sulphate etc. or air as shown 
below. In view of the fact that the reaction takes place in the 
absence of an oxidising agent the study of ^ l^ gQsffeigt of air on 
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OH 
I 
- o 
. X X X I 
- o 
0= 
XIV 
0 H 
^ ^ -
XVII 
0=0 
0 H 
u • 
XXXII 
0 
><s-/0-0-H 
xxxin 
0 
XXXIV 
'OH 
the pron;ress and fate or the reaction is the most appropriate 
method of detormining the pathway of this reaction. Hence the 
reaction was conducted under conditions rigorously excluding 
air. Under these altered conditions as well, no difference 
could b2 observed in the time required for the colour to appear, 
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the stability of the colour or the wave length at which it 
absorbs. It therefore, can be concluded that air has no role 
to play in this reactio;i. The reaction, hence, is ionic in 
character. This conclusion is reinforced by the observation 
120 
made by ochnell ejt a.L that the attack by oxygen on phenols 
are more prevalent at higher temperatures. This reaction takes 
place at a.'nbient temperature. 
This reaction, hence, has to be considered to be an 
ionic ore taking place between a phenol and a ketone, in this 
case catechol Deing tne phenol and phloroglucinol the ketone. 
An example of a similar reaction that has been reported is 
121 
that between phenol and acetone in the presence of base 
and it has been described to proceed as below. This reaction 
0 
CH3-C-CH3 + 
XXXV 
OH 
;N 
CH3 
XXXVI 
can be considered to be parallel to the one described above 
so 
aad the rnccharisum of tfie r e a c t i o n be p o s t u l a t e d as fo l lows 
(Scheme-IVJ. 
P^^^Q - o 
0 H 
Scheme IV 
It can be finally concluded that this is a specific 
method for tne determination of catechol, the limit of 
determination being O.O^ -'l.'l j^ g/ml with a standard deviation of 
+_ 0.01, Incidentally the reverse will also hold true, viz the 
determination of phloror:lucinol using catechol as the reagent. 
C '•'{ \ y T K R - I V 
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i!an?()0UGTJoN 
D'^tection, determination and separation of 
pne;iols '• ' °'' ». ..,^ :?,n. , ,^ ip;? ^ ^^^ attracted considerable 
attentj-on of chemists becnusp of their pharmaceutical, industrial 
and bioloricaj. i"iport-'nco. Mono and polyhydric phenols are 
found to occur in ceveni plants, either in the free state or 
as p.u't of l^^ '^-'-'-'^r molecules. Detection or these moieties and 
determia'itiorG of their rubstitution patterns constitute an 
important area of n-itural product chemistry, Phenols are widely 
used in medicine ns nri-ciseptics and play an important role in 
the bi'o./nin;^  of food products caused on exposure to air. 
Industrial inipor"^ ance of pher.ols are exemplified by the use 
of hydro'::uinone, di-t-butyl-p-cresol and t-butyl catechol as 
polymerin;-'t ion irihibitors •^~ in order to stabilise vinyl 
monomers n "ainst rolyraerisation. 
Recently phenols h w e been identified as common 
157 158 
water pollutants . Pentachlorophenol is hi>"nly toxic . 
Chlorinacod rru^nols arise during the sterilisation of drinking 
water by chlorin-ition. Phenol and many substituted phenols 
have been found to be harmful to fish. The presence of 
o-chloroDhenol a; levals less than 1.0 ji^/liter has been found 
to cause faintinn; of fish and tuat of 2,4-dicnlorophenol at 
the 1.0 ^r^/liter level to alter the organoleptic qualities of 
1 "-S^ ) 
certain fish -^• . 
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.ieveral raetnois ".re ' ivailable for the de tec t ion and 
deterainBtion of phenols at inicrogram leve l using organic as 
20 
well as inor>-inic renrents, I'Mith has mentioned 2^ reagents 
which produce colour with phenols and,hence, can be used for 
their detection, 
Feif^ l also has described a number of tests for 
the detection of phenols. Thielernann'^ ^^ "^ ^^ ''^ ^^ '^ ^^ '''^ ^ ^''^ ^ 
has coafined iris attention to the application of chromatographic 
tectiniques to the sepEiration and identification of phenols. He 
has documented tiie use of 10 different spray reagents which 
con be used to detect phenols on silica gel plates. The limits 
of detection rfere mostly betv^ reen 0.02 and 0,^ p.Q for dihydric 
and trihydric phenols while for isomeric cresols the limits of 
detection were 1 to 4 yig, Plis technique, however^ suffers from 
the followinfc limitations: 
a) Limit of detection depends upon the nature and composition 
of the developer. 
b) Prepirat.isn or thin layers and their development are time 
consurrda'^  processes. 
c) Sensitivity cn-^ 'ngas with trie change in the nature of 
absorbent. Bajaj '"'^  has reported the use of thiosemicarbazide 
in the detsction of phenols and quinones, but the method is of 
low sonsitivity. 
Qureshi e_t al * "" have used ion exchange resin beads 
for the detection of phenols, ilis method is based upon the 
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reaction of phenyls with 4—aminoantipyrene in the presence 
of HpOp and aV'Sor};tion of the product on ion exchange resins 
(Arabenite IHA-400) in tne OHform. An important aspect which 
aampers tae sensitivity of this technique is the original and 
distinct yellow colour of the resin. 
p-riniethylaminobenzaldehyde (p-DAB) has been used 
67 for the detection of phenols ' . This reacent has also been 
used as P colouring rea!';ent for tne spectrophotometric 
deternunF.tion of nitrophenols following tneir conversion into 
aminophenols by reading with formamidine - sulphamic acid 
and aqaeous K«)H, p-Dimetnylarainocinnamaldehyde (p-DAC) has 
been succer.sfvilly substituted for p-DAB in several analytical 
140-142 procedures . 
p-l)AG reacts with ;>henols in acidic medium producing 
a greenish blue colour. We h-'.ve utilised this colour for the 
detection of phenols in dimethyl sulphoxide (DMSO), a dipolar 
aprotic solveat. The inetnod is extremely sensitive, simple 
and r-BpiJ. LHjvelopenent of B coloured ring at the liquid 
junctions is a positive indication of the presence of phenol. 
Sensitivity is very hi^h because of the localisation of a blue 
or blie green rinr; between two liquid layers. 
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KXi/,6RrH6r;TAL 
Reagents; All the reap;ents used were or analytical p:rade, 
j'henols were recrystallised to constant melting points before 
use. 10" M of p-DAC (BDH Poole ,England, L.R. grade) was 
prepared in dimethyl svilphoxide (DMSO). DMSO and sulphuric 
acid of '-iDW (AiO c^ ^^ do were ur,ed. ^est solutions 10 M of 
phenols were prepared in distilled metnanol and diluted further 
when required. 
x'rocedure for tne detection of phenols; 
_2 
0.2 ml of 10 M p-DAG solution was added to 0,4 ml 
01 phenol solution in a micro test tube. Two drops (0.05 nil) 
of 18M H^GO^ were slorfly added along the side of the test tube 
ivitnout snakin,'% The appearance of blue or greenish-blue or 
violet-blue ring at the junction o£ the two liquids indicates 
the pneserice oL tne phenol. 
Tnc r^ ijncrai procedure ouclined above can be used 
for all phenols. The only d"! fforence involved was the 
variation in the concentration of tne test substance being 
used. The colour forired depended upon the individual phenol. 
1'h3 offect of tne nature of acid was studied by 
replccir??; sulphuric rcid wit:- other acids and tr.e limit of 
detection wan determined in a similar manner. 
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The phenols '.vhicri res> onded positively to this test 
are tabulnted below. 
Name of the ph'^ nol 
ffi-Cresol 
Resorcinol 
Naphthoresorcinol 
o-'.Iethy Ire soreinol 
Orciriol 
Fyrogallol 
rhloroglucinol 
(+)-Catechin 
Colour of the ring 
Violet-blue 
Blue 
Greenisn-blue 
Blue 
Blue 
Blue 
Blue 
Blue 
The followinp; substances produced a blue tinge under 
similar conditions -^nd nence were found to cause interference 
in tnis method viz. indole, >-iriethoxytryptamine, i?-benzyl-
oxytryptamine a'^d 5-hydroxytryntamine, 
A iar :e numbci- of or^ 'anic compounds were found not 
to interfere in 3ay way vjitn this metnod. They did not cause 
the appearnnce of any colour at tne liquid junction. They 
include hydrocarbons a"d taeir deri\'-atives (benzene, chloroform); 
ketones (acecone, cyclohexanone, benzophenone); acids (acetic, 
benzoic, oxalic, nitrobenzoic); ethers (diothylether, anisole, 
dioxsm}; alcohols (.methyl, ethyl, propyl and butyl); and the 
following phenols; (phenol, o-, m-, and p-nitro->b?nolB, 
S6 
p i c r i c MCid, h^'uro^ui; none, C ' t e c h j i , p - ch io ropheno l , 
8-hYdrovy lu i r . j l i le , ' ' - t e r t - b u t y i c a t e c h o l , 2 , f t - d i n i t r o p h e n o l , 
a a l i c y l i c Tcid, s a l i cyi'al 'U'hyde, o - and p - c r e s o l s , o:alIic a c i d , 
/ - and ^ - i ; : ,vr-.i: j l s , rn-h/ij'ox:./i; e ' lazldenyde, 1 - n i t r o s o - 2 - n a p h t l i o l , 
4—p-nitro pher.y] i":T.orcinol, 8 - ! iydroxy--7- iodo-quinol ine-5-
sulpt ionic 4cid , ;^iii c ' l d c :i"'e •(: d 1,2, 5, "^^-tetra hydrocy-
I. iants of i ie - i l ; i r ica t iv jn of the p'*.-nols d e t e c t e d by 
t i l l s oechod '-^re --^iven in t a b l 3 - 9 . 
-'henols 
Table - 9 
l i m i t of idenbir icafc ion of phenols 
; 'ol II' Volu^ne polour of 
cor ican t ra t ion takenCml) tiie r i n g 
Amount 
detected 
"•:onohyd.ric 
m-Cresol 
Dihydric 
Resorcinol 
o-I'letnyl-
resorcinol 
Naphtho-
resorcinol 
Orcinol 
(+)-Catechii 
Ti^ -iiiydric 
1u-^ 
10 ^ 
10"^ 
—4-10 
10"^ 
10-^ ^ 
0.1 
0.1 
0.1 
0.05 
0.2 
0.1 
Pyrosallol 
Phloroglucinol 
10"^ 
10 -8 
0.2 
0.4 
Violet blue 
Blue 
Blue 
Blue 
Blue 
0.010 
0.011 
0.124 
Greenish blue 0.800 
Blue 0.284 
Blue 0,029 
0.025 
0.0005 
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The li^ .it of ideatification for resorcinol differed 
when sulphuric -'cid was replaced with other acids as shown in 
the table- 10 
Tpble - 10 
Anount of Resorcinol detected with different acids: 
Name of the acid 
Trichloroacetic acid 
Hydrochloric acid 
Nitric acid 
Perchloric acid 
Amount of Resorcinol detected 
11.0 
1.1 
11.0 
?.2 
In the presence of acetic acid no colour formation 
could be detected. From a comparison of the data given in 
table 9 '^  'lO it cgn be concluded that maximum sensitivity is 
attained in the presence of sulphuric acid and hence it can 
be concluded that it is the raont appropriate acid to be used 
in this metnod. 
Amon-st the mono hydric phenols tested, only m-cresol 
gave a blue rinn;. Thus the test is hi'^ hly selective for m-cresol 
and it can be u^ed for the detection of micro amount of m-cresol 
in the presence of its isomers. 
The iio^-ion structural feature pres'^ at in the phenols 
responding to tnis test is an uppabstituted position para to 
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the hydroxy! function. As far as dihydric phenols are concerned 
this test is s; eciric for the meta dihydric one, tiie ortho and 
para dihydric phenols being totally unreactive. Extrapolating 
these observations the positive response of phloroglucinol and 
its extreme sensitivity can be predicted. The sensitivity of 
this decoction is of such nn order that this method can be used 
to detect the contamination of other phenols by phloroglucinol 
(vide taDle~9). Quantity.of phloroglucinol detected successfully 
has been of th? level of 0.5 ng. 
From the table-9 it is evident that condensation of 
p~DAC witli phenols is not general in character but takes place 
only witn certain specific phenols. What is also relevant is 
tne identity of those phenols which do not respond to this 
test. Among them are hydroquinone, salicylic acid and 
nitropbenols. An examination of the above structures reveal 
the pertinent fact that all the phenols v/hich respond 
favourably to this test have tne position para to the hydroxyl 
unsubstituted. Furthermore the fact that among the mono 
hydric type phenol and o- and p- cresols do not respond to 
this test whereas ra- cresol does so leads to the conclusion 
that activation by one hydroxyl alone is insufficient and 
simultaneous ^^ ctivation by more than one group is required to 
make tiie condensation possible at any location. In the case 
of m- cresol activation of the same position by the methyl 
and OH groups makes the reaction possible. The response of 
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resorcinol an-i \ne Imck of response of catechol can be explained 
on simil;ir [grounds. From the above observation it can also be 
postulated that if tne ring carries an electron withdrawing 
group, wjich can deactivate tne ring with respect to an 
electropiilic reat::ent, tnis reaction is unlikely to take place. 
This conclusion is validated by the fact that nitrophenols, 
salicylic acid and salicylaldehyde do not give Chis test; the 
presence of the stronf2;ly electron withdrawing groups in the 
aromatic ring being the causative factors. 
The proposed method is very simple, highly sensitive, 
selective ajid very fast. The ring forms within seconds of the 
addition of the reagents and remains stable upto 24 hours 
without fadifig when lefc undisturbed, 
4-1 4-P 1P2-124-
Qureshi ' and Thielemann have proposed 
methods of high sensitivity for tne detection of phenols. 
The sensitivity achieved by Qureshi for phloroglucinol is 
2.5 >iS <^n resin beads and 6.5 /ig in sloution state. Thielemann 
was able to detect phloroglucinol and other phenols only in 
the range of 0.1 to 10 pg. We have achieved a high sensitivity 
for phloroglucinol and have been able to detect it in quantities 
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as low as 0,5 ng (10"" x 5.0 ug) by a simpler ring test. The 
test is highly selective and out of $0 phenols tested with 
the recommended procedure only 7 phenols gave positive test. 
so 
The s;^ ne mechanism as proposed earlier in chapter II 
is valid for the formation of the chromogen (XXXVII)in this 
case as well. 
CH ^^ 
XXXVII 
o 
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p.i3,,,., ],. ..v..^  iT«r>ort-'nt compounds both chemically and 
MolOfTi'i'T] ly. '^ h^  1 i t .'r-xtu'^'-' is r-^ olete with methods for the 
det'-'cti^ n^, d9ter'imtion o"d Gept.ration of these constituents 
arising :Mifc of ntrvy n-itnriTl.y "-"i biolor^icnlly occurring 
Tvroceps-'^ !"!. ifoi--n^ er, '^s fnr as v/e nre aware very fov/ methods 
eri^ 5t for t'.ie sp'^cific cliarncterisation of important members 
of this cl-^ps, H'^ d none in the nolid state, 
Qnrt^ r^ hi. e_b_ £l were the first to develop a simple 
solid st'"i:e method and aoply th'^  n to analytical chemistry "^  
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bar-ed on tn^^ R'Tt^ r^^ i t yjhninue . This work has been extended by 
us to d'i^ 'ect c'^t«"hol nnd o-nitrorhenol specifically. The work 
is alpo •-1 ext^^raion of our earlier studies in organic 
analytic"! ctie-'utrj ' ', ^nd this work is especially 
important; as or.^ -inic solid stabe chendntry is an emerging and 
14 8 
f ascinat J nrr rc'^" af atu..iv . r>(^ lid state chemistry had a 
rather l-ite stnr-t because originally chemists could not believe 
that reactions could ocur outsiie solutions. Moreover organic 
solid st'^ te cher'.isti'y has not been as fortunate as its 
i'lorganic count^rpTfc a"d is only recently emerginr^ as a very 
signific?i,nt are;; of r;"Gearch. Tiie above statement is clear 
from fcli^ fact tii-^ t a bo?k xublished in 1976 on solid state 
1 ^ 9 
chemistry does not refer to any organic reaction . Similarly 
the review by Cohen and Green refers to very few organic 
solid staue reactions. Therefore, the study of org^\nic 
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r-oijd st-'t? r^n.-tions is one of bhe most neglected fields to 
Lh ^  pr-^ r/ it d'U', -"id the followinr^ are primary attempts in 
tills direction. 
S3 
Materials and Hea^ -e^ ifcs; Soda lime (non deliquescent) B.D.H. 
i'oole Wn^ -^ land, o-nitrophenol and catechol (Sigma U.S.A.)* 
sodium chloride (B.D.H. Analar). Graduated capillaries (10 cm 
lonp with an internal diaireter 0,3 cm), Cook's M 4-00 travelling 
microscope. o-Nitrofhenol and catechol were recrystallised to 
constant melting points till in ap;reement with reported values. 
i'rocedure: 
^a) Solid state detection; 10 mg of nitrophenol was mixed 
thorouR-hly with 1 g of sodium chloride and ground thoroughly. 
200 mg o£ the mixture so obtained was again mixed with 800 mgs 
of sodium chloride and again mixed thoroughly as above. 1 mg 
of this mixture is t^ken on a spot plate, few mgs of well 
powdered soda lime added to it and the components mixed with 
a glass rod and the colours produced observed. Catechol was 
also detected using a similar procedure. 
(b) Capillary solid state detection; Packed well powdered 
samples of mesh size 200 and above of the test substance and 
soda lime in a capillary, from either ends, with the help of 
two iron rods, by applying uniform pressure as far as possible. 
Placed the capillaries in an oven controlled at the desired 
temperature. Moted the colour produced at the junction. 
(c) Semiquantitative determination by capillary solid state test: 
Introduced 1?0 mgs of a 0.8^ mixture of catechol diluted with 
sodium chloride from one end of the capillary. From the other 
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end of i.ne c^.niLlnry introduced 500 mp;s of soda lime and 
racked the two tiprhtly. Kept the capillaries in an oven 
Diaintqi'TPd ^t oO G Cor five hours and measured the lenp;th of 
the coloured boundary at intervals of one hour each. Repeated 
the above procedure for the other diluted mixtures. 
For o-nitrophenol introduced a glass wool plug of 
2 nni ler'<';-';;h between the test substance and the reaf^ ient. 
Haintlined i:h? temperature for the determination of o-nitrophenol 
at 50 + 1°C as it melts at ^ t^-°C. 
(d) Kinetics: i'acked well powdered samples of mesh size 200 
and above of the test substance and soda lime in a capillary, 
from eith'-r ends, witli ttie help of two iron rods, by applying 
as for .:^s posj'ible uniform pressure. Heated the capillaries 
in an oven -it the desired temperature, iloted the length of the 
colour-d boundary as a function of time. 
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o-Nitrophenol gives a deep red colour with soda lime 
and this colour is not given by any other phenol tested. 
Mowever, since many phenols give a brown colour, we suspected 
at" diluted lev-Is the two may interfere. Hence, o-nitrophenol 
was detected ard determined with a glass wool plug of 2 mm as 
it is ti.)e only phenol tested having a sufficiently high vapoirr 
pressure wiiich rives a colour through the glass wool. The limit 
of th'-^  det:?cti('n is 4 pg which is comparable with solution 
si-'ot te--its, 
C-^ techol gives a very specific green blue colour 
gnd the limit of detection is 2 ug. 
In the semi quantitative determination catechol 
gives a linnar r-^ sponse in the range of 0,4 to 1,2 mg and the 
results outlined in fig. 15 reveal that the best response is 
obtained for tae one hour readings and this is fortunate as 
the analysis time is comparatively shortened, V/e also made an 
attempt to determine catechol in the presence of phloroglucinol 
which does not give any colour with the reagent. Though the 
attempt failed, a very interesting feature was noted, that 
when phloroglucinol was the diluent the sharpness and the 
intensity of the colour increased. Hence, both MaCl.and 
phloroglucinol can be used as diluents and where conditions 
permit the latter should be preferred. In each case the 
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concentT^ -Tti'-Tis can be determined via tne individual calibration 
curves -^ dven in rigs.l^ and 16. 
o-'U trophenol can be determined specifically in the 
r'inp;e 0.1 to O.S -nr^  by bhe f^ lasn wool plug modification and 
the c-ilibrBtion curves are given in rig. 17» 
Thous^ h the sensitivity of determination is not 
comparable to solution studies it is much higher than the one 
i^Li>5 1^4 
published by the capillary method earlier ^* . 
The following organic compounds do not give any colour 
with soia lime. 
Amines: ilefch.ylamine, dimethylamine, trimethylaraine, 
triet TV la-nine, diethyl'^mine, o-phenylenediamine, m-phenylene-
dianiine, p-ph2nylenedianine, U -naphthylamine, P> -naphthylamine, 
diphenylamine, M-phenyl-l-naphthylamine, methylaniline, 
o-nitroaniline, m-nitroaniline and p-nitroaniline. 
Ketones: Acetophanone, benzophenone, ethylmethylketone, 
butyrophenone ^^ .^d cyclohexanone. 
AldehyJos; Formaldehyde, acetaldehyde, benzaldehyde, o-, ra-
and p~'iitrobe'iza.ldehyde, p-chlorobenzaldehyde, p-dimethylamino-
benznldehyde, p-diraethylaminocinnamaldehyde, salicylaldehyde, 
paraformaldehyde and paraldehyde. 
Ureas: urea, thiourea, N-methylurea, phenylurea, phenylthiourea 
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and a l l ,y l th iourea . 
8uf;ars: Maltose, p;lucose, arabinose, rhamnose, sucrose, 
f ruc tose , l ac tose , <^lactose, xylose, s tarch and sacchar in , 
Aminoacids; /Idenine, cys t ine , g lycine , ft-alanine, sarcos ine , 
glutamin--^, '-^lut'-nic acid , T^-histidine, L-prol ine , DL-phenylal-
anine, jj-tryptophan, gallocynine and safranine . 
Acids: '^ 'ormic , u r i c , f^allic, malonic, cinnamic, malic, furaaric, 
pht i ia l ic , oxa l ic , bea"oic, b a r b i t u r i c , (A-picol in ic , m-, and p -
ni t ron ^n-zioic, nicotif^.ic, ch loroace t ic , i ndo ly l -5 - ace t i c , 
etiiyleneJi'TTvine t-U.ra ace t ic acid, chromotopic acid disodium s a l t . 
Amides: Honz.aiuide, salicylamide and a c e t a n i l i d e . 
Hydrochlorides; liydrazine, 2 , ' l -dini t rophenylhydrazine, 
beaz-.idiae and diethylaminehydrochloride. 
Hydrocarbons pad t h e i r de r iva t ives ; Benzene, petroleum e ther , 
ni trobenzene, n r b o n t e t r a chlor ide , chloroform, 2 , 4 - d i n i t r o -
chlorobeni;3no, a7,0benzene and in-dinitrobenzene, 
Ebhers: ti'thar and diox'^n. 
Indoles : Indole and indole-5-ace t ic ac id . 
Trypbaraines: r-Rydroxytryr)tam.i ne, 5'-ro-thoxytryptamine, 
5-benzyloxytrypt''mine and v^-methyltryptamine. 
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AlkaloidCi: Brvcine, ciTfiene, quinine, b-hydroxyquinoline 
•ind cinchonine, 
riiscelian30i]s: Uricil, 1-nitronaphthalene, urea nitrate, 
2,4-dinifcrotoluol, dithiazone, ammoniurapurpurate, 1,10-phenan-
throlino, '4—dirn'^ thylaininoben^ ylidene, rhodanine, diphenyl-
c^.rba^iis, an^ itrol and ethanoxymercarbide. 
The colours f:;iven by v.-irious phenols with anhydrous 
soda lime are as follows: 
Phenol (no colour), quinol (li^ h^t brown), resorcinol (yellow), 
orcinol (lirht brown), o-mathylresorcinol (brown), (+)-catechin 
(no colour\ m~nitrophenol (brown), p-nitrophenol (yellow), 
pyrogaLlol (11-^ Ht brown), phlorof^ ilucinol (no colour), 
><-nnphthoi (-'.o colour), A-na'">hthol (no colour), vanillin 
(no colour) .'Td o-vnnillin (no colour). 
It is therefore apparent that the green colour of 
ca.techol -md th? red colour for o-nitrophenol by the glass wool 
modification are specific for these constituents. 
The rnte law followed by the catechol soda lime 
reaction (fi^. 18) is 
7^ - kt +c - (1) 
where (>- is the thickness of the coloured boundary, t is time 
and k r.nd c are constants. 
i02 
A plot of lop; K v/s 1/T, a standard method to 
evalu-te the .T^ tivmtion enerf^ y is given in fig. 18a.The value 
_^ 
of the R , so obtained is + 8 K cal mole 
3.CT/ 
The r-^ te law followed by the o-nitrophenol soda lime 
reaction with and without a glass wool plug (figs. 19 & 20) 
is 
C^  = k log t + c - (2) 
The Arrnenius plot could not be obtained in this case as 
o-nitrophenol melts at 44 C. 
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DISCUSr,IQN 
It is difficult to give rational mechanisms due 
to the cotaulexifcy of the systems. However, certain features 
point to two different mechanistic approaches for o-nitrophenol 
and catechol respectively. 
(a) o-Nitrophenol: 
The uv- visible reflectance spectra of o-nitrophenol 
gives two fnaxima at 5^0 and 560 nra respectively (Fig. 21). The 
spectra of o-nitrophenol in the presence of an excess of soda 
lime gives sharp intensity changes of both bands and a 
bnthochroTPic shift of the 560 nm band to 450 nm while the short 
wave leTi:;i;th bnnd appears r^t the same wave length. In addition 
both b-'Tds show a hyperchroraic shift. These electronic spectral 
features are consistent with a weak charge transfer complex. 
The mechanism probably involves the transformation of the 
o-nitroohenol ( XKXVIIl) to the quinoid structure (XXXIX; in 
a highly basic medium* The quinoid then complexes with the 
0° 
XXXVIII XXXIX 
ABSORBANCE 
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free phenol to r;ive a charge transfer complex of a probable 
1:1 stoichionotry. The shift of the 360 nra band to 450 nm 
con be r'\tionn.li:',ed as follows. According to Mulliken's now 
widely ?cc3pted charp;9 transfer theory the complex can be 
described by a wave function as follows: 
*j^(AD) = a ^ (A,D) + bY^ {A~ - D"^ ) 
where A is fn acceptor and D is a donor, ^ ^ is the no bond 
function wnich is mainly due to the dispersipn, dipole - dipole, 
dipole-inducf'd dipole and Van der Waals forces with very little 
contribution from the dative structure* and b is the dative 
function that sif^ nifies tranofer of one electron from the donor 
to the acceptor in such a way that the spin multiplicity is 
maintiined. A." - D"^  is often called a semipolar double bond. 
In the r^ round state of the complex 
a » b 
and in the excited state 
a « b 
and therefore tha excited state is usually more ionic relative 
to the ground state. Therefore, a polar medium will depress 
(stabilisej the excited state and raise (destabilise) the 
ground state as given below: 
ii'xcited s t a t e of 
free o-nitrophenol 
hV CT 
Ground state of free 
o-nitrophenol 
no 
Excited state of 
complexed o-nitrophenol 
W 
h^) CT 
Ground state of complexed 
o-nitrophenol (Polar medium) 
1 ,^  . . x 
Therefore, V^^ ,^ )> ^ V j^,^  and A /A . 
i^ b) ;'atecaoJ-: 
The uv visible reflectance spectra (fig. 21) of 
catechol shows a single peak at JOO nra, while the spectra of 
catechol in presence of excess of soda lime shows 2 maxima, 
one at 500 nm and the other at 700 nm. The former appears at 
the same value as it appeared in catechol but with increased 
intensity. The long wave band appearing at 700 nm should be 
due to tne result of chemical reaction between catechol and 
soda lime. Furthermore, the blue colour can not possibily be 
attributed to a charg transfer complex. This absorption, hence, 
Ill 
has to arise out of increased conjugation. Formation of such 
a product is best explained by aerial oxidation of catechol 
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in the presence of base via a free radical pathway "^  . In 
order to verify this hypothesis, the reaction was carried out 
under conditions rigorously excluding air. Thus, both the 
solid reactions were subjected to vacuum in a desiccator with 
periodic flushing with Np. The solids were then filled in the 
capillary in an atmosphere of Np. Under these conditions 
appearance of tne blue colour was minimal and that too on 
prolon';:ed heatins;. The reaction scheme V can, therefore be 
postulated as follows. 
il2 
OH 
(i) 
0 
0 L HO 
H-^-O-O 
•0 
H O v ^ 
H^O-i OH 
HO' 
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OOH 
HO. 
OH 
OH 
0 
HO 
0 
+(i) 
(a) HO- OH 
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OH 
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Scheme V 
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structure (K1, } is a comparatively large conjugated 
Gvste'fl which seems to be responsible for the blue colour. 
Another sup-ort for XL is the fact there is an increase 
in intenGity of 500 nm band but this increase is much less 
than the snne absorption for o-nitrophenol and therefore 
probably occurs due to intramolecular hydrof^ en bonding within 
•(•L as sho\.'n in Xtl. 
il4 
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